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PREFACE. 



The Introduction prefixed to the following little work, 
supersedes the necessity of an extended Preface, and 
leaves little more to be mentioned than its design and 
occasion. 

The design of it is to be a usefiil assistant to those 
wbo are fond of a rational and scientific amusement, and 
the occasion of it arises from the great scarcity of, and 
general difficulty of procuring, any work on the subject; 
none haying appeared, worthy of notice, since that pub- 
lished by Lieutenant Eobert Jones, in 1760, and those 
by the French artists mentioned in the Introduction. 
In didactic particulars, the author has occasionally 
availed himself of the language of the best writers, 
where such has been corroborated by subsequent ex- 
perience. 

Perspicuity has been a particular object through the 
work, and when technical terms have been used they 
are generally followed by familiar explanations, and the 
author feels assured that the whole will be found per- 
fectly intelligible to every reader. To experienced 
pyrotechnists, this little work cannot be expected to 
I* 
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afford muoh additional information, yet it may contain 
some few particulars not known to them before, which, 
from their practical utility, it is hoped will prove ac- 
ceptable. 

The author trusts that this work may prove a useful as- 
sistant to those who are unacquainted with the principles 
of the art on which it treats : and if in any way it 
should contribute to this purpose, an apology for ob- 
truding it upon the public will certainly be unnecessary. 
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INTRODUCTION. 



The term P^raiechny is derived from pjpr and teehnyy 
the two Greek words for Fibs and Aet; and it is the 
art of employing fire for purposes of utility or pleasure. 
The term has been applied by some writers to the use 
and structure of firearms, and artillery employed in the 
art of warfare ; but in the present publication, a different 
view of the subject will be taken ; for there cannot be 
any amusemrat in the motion of a bullet, which deci* 
mates so many 4iuman beings, nor in the action of a 
bomb-shell, that carries with it more dreadful derasti^ 
tions. ^ 

This work will therefore treat only of the pleasing 
application iji fire, and we shall endeavor to give plain and 
eflicient rules for the safe management of that element^ 
and for the making, by means of gunpowder and other 
inflammable substances, various compositions, agreeable 
to the eye, both by their form and splendor, and to de- 
scribe every principal article and instrument made use 
of in these amusing operations. 

On the otiier hand, no pretension will be made to set 
forth an oH^mal set of rules and receipts, for those who 
2 



14 INTRODUCTION. - 

term themselves Artists in Fireworksy whose exclusive 
business it is to manufacture the different articles on 
which it treats ; to those, it is expected it will yield but 
little instruction ; but^ to the sciolistic tyro in the art^ 
it is intended to be a Manual of I^/rotechny, and to 
treat of fireworks as objects of rsitional ai^usement ; to 
describe, in a perspicuous manner, the materials and 
apparatus made use of in their construction^ and to 
select such examples of their particular combinations, 
as are calculated rather for private diverfiion than publio 
exhibition. The . directions herein given (if strictly 
attended to) will enable youth to gratify their taste for 
this species of recreation at a comparatively small ex- 
pense, and at the same time will guard them against 
those accidents which often arise to the ignorant, in 
firing the larger works purchased from the makers; and 
it will, throughout, strictly observe a principle of eco- 
nomy, the neglect of which has so frequently retarded 
the (^rations of genius. 

The knowledge respecting the origin of Pyroteehn j 
is very limited. The Chinese are said to have been 
the first pec^le who had any practical acquaintance 
with it, or who brought the art to any degree of perfec- 
tion; with them the use of fireworks is said to have been 
very general, long before they were known in European 
countries ; and ,from accounts given of some exhibitions 
at Pekin, it would seem that they have attained to. a 
degree of perfection not surpassed by any of our modem 
artists, Mr. Barrow, in his " Trav/als in China,'' gives, 
from the Journal of Lord Macartney, the following 



iNTBODUonoir. 16 

description of one of their exhibitions : " The fireworks^ 
in some particnlars/^ says he^ ^' exceeded anything of 
the kind I had ever seen. In grandeur^ magnificence, 
and variety, they were, I own, inferior to the Chinese 
fireworks we had seen at Batavia, bui infinitely superior 
in point of novelty, neatness, and ingenuity of contri- 
vance. One piece of machinery I greatly admired : a 
green chest, five feet sqnare, was hoisted np by a pulley 
fifty or sixty feet from the ground, the bottom of which 
was so contrived as then suddenly to fiJl out, and make 
way for twenty or thirty strings of lanterns, inclosed in 
a box, to descend from it, unfolding themselves from 
one another by degrees, so as, at last, to form a collection 
of full five hundred, each having a light of a beautifully 
colored flame burning brightly within it. This devolu- 
tion and development of lanterns were several times 
repeated, and at every time exhibiting a difference of 
color and figure. On each side was a correspondence 
of smaller boxes, which opened in like manner as the 
other, and let down an immense network of fire, with 
divisions, and compartments of various forms and dimen- 
sions, round and square, hexagons, octagons, &c., which 
shone like the brightest burnished copper, and flashed 
like prismatic lightnings, with every impulse of the 
wind. The whole concluded with a volcano, or general 
explosion and discharge of sons and stars, squibs, 
crackers, rockets, and grenadoes, which involved the 
gardens for an hour in a cloud of intolerable smoke. 
The diversity of color, with which the Chinese have the 
secret of clothing their fir«, seems one of the chief 
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merits of tHeir Fyroteclmj /' and which alone wonld 
set them upon an equal footing with the Europeans. 
With them, no doubt, originated the discovery of that 
.beautiful composition; which is still known by the name 
«f ike" Chinese &te'/' and the method of representing 
with fire that pleasing and perpetual variety of figures, 
which (when judiciously arranged) seem to emulate in 
splendor those endless beauties which t^lom our celestial 
hemisphere. In Europe, the Florentines are said to 
have been the first people that gained a knowle<^ of 
the inyenticm, and there is reason to think it was not 
long afifcer the discovery of the use of gunpowder and 
firearms, about the end of the thirteenth, or beginning 
of the fourteenth century. We say the use of gunpow- 
der, or application of it to firearms, for the discovery 
of it is believed to be of much earlier date than that 
generally given to it; and, whether the invention of the 
art of fireworks is not coeval with that of gunpowder, 
is a question not overburdened with improbability. 
The French have publidied several treatises on Pyro- 
techny, such 36 the Traiti des Feux d^ Artifice pottr 
la Spedade et p<mr la Gv/erre^ by Perrinet d'Orval; 
the MouMid d'ArUfidery by Father d'Incarvill, and 
several others of the like nature; in some of which 
they attach to the Chinese a very early knowledge of 
the art, and consequratly the composition of gunpow- 
der, or at least that the effects of a similar combination 
were not entirely unknown to them. But as the French 
gained their knowledge of the art from the Italians, they 
may probably be in an error respecting its invention; 
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whether they are or not is but of litde importanoe as 
relating to the purpose of this work. Tracing its pro- 
gress in England, it will be endeavored to give as good 
a delineaticMi of the state in which it now exists as the 
nature of the work will admit; supposing it to be much 
nearer perfection than when in its earliei: stages; for it is 
an undoHbted fact that^the Englii^ import nothing but 
what they improve. 

An art which furnishes such an extensive field for 
amusement, neduoed to plain and simple ndes, digested 
in a fanuliar mai^ner (which the most limited capacities 
will be able to understand), cannot fail to be entertain- 
ing to every admirer of scientific recreation. 

It has been regretted by many that no publication of 
a like nature is now extant; and a celebrated writer^ 
long known to the popular reader, has even said that 
'^ the English- have no respectable work on. the subject/' 
It is not presumed that the present wUl entirely sup* 
ply such a desideratum, but to what extent it may be 
left for the candid reader and practitioner to determine. 
The author would wish it to be understood that, al- 
though he has conducted some part of the work upon 
mathematical principles, it is not intended as a perfect 
philosophical work on the subject, but as an attempt to 
embody into a small volume all that has hitherto been 
written on the subject; and if the pyrotechnic tyro 
receive from it any assistance towards the attainment of 
an art which has for its object such an endless source 
of entertainment, the purpose of the publication will be 
positively realized. 

2* 
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Few Bpeotacles are more beautifdl or more calculated 
for eiiiertainment| tlian » well-conducted display of fire- 
works, in which sttoh yarious bodies, so brilliantly 
illuminated, are exhibited and arranged in the most 
variegated forms; sometimes producing surprising and 
unexpected emanations, moving with velocity through 
the air, throwiiSig out innumerable sparks or blanng 
balls, which fly off into the infinity of spooe ; others 
suddenly exploding, scatter abroad luminous fragments 
of fire, which are toijeeted with the most speedy trepida^ 
tion ; and again, others are revolving on a quiescent 
centre, and by their revolutions produce the most beau- 
tiful circles of fire, which seem to vie with each other 
in Uieir ^nanations of c^endor mid light. 

But a taint delineadon is here given of the various 
effects which are producible by fire, and for which we 
diall endeavor to ^ve every requisite instruction for 
the preparaticm of the most pleasing garbs in which 
this element may be presented. 
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SECTION I. 

OP GUNPOWDER. 

Befobe «Btermg into the practice of pyrotechny, it 
is deemed necessary to give an ample description of the . 
materials made use of in the art; for it must not be 
taken for granted that all readers are chemuUy or that 
they are sufficiently versed in the science of chemistry 
to render such description unnecessary. But before the 
principles of the art can be well understood^ or success- 
fdlly applied, it is proper that the artist should possess 
a portion of chemical and mechanical knowledge ; the 
first will teach him to select his materials with judg- 
ment; to free them from impurities, and combine them 
in the proportions most suitable for each particular pur- 
pose ; and the latter will assist him in constructing his 
different pieces so as to produce the desired effect with 
the least loss of time and force. The description of the^ 
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mechanical apparaius will be deferred till they come 
immediately nnder hand, and such protraction will^ per- 
haps, be conducive to a better understanding of their 
utility; and, in some other section, the artist will be 
brought to calculate the direction which the flying fire- 
works (from their principles of construction) are to 
move, and the velocity with which they are to proceed. 

Gunpowder is the principaJJngredient made use of in 
pyrotechny ; and, being of itself a compoimd, tt wilt be 
the first object of description, and tfie 'cause of every 
property it possesses will be pointed out 

The invention of it is ascribe^; by Polydore Virgil, 
to a chemist, who accidentally put some of the compo- 
sition, viz., nitre, sulphur, and charcoal into a mortar, 
and covered it with a stone, when it happened to take 
fire, and (what was a natural though unexpected con- 
sequence t)f such combination), it shattered the stone to 
pieces. 

Thevet says, the person here spoken of was a monk 
of Fribourg, named Constantine Anelzen ; but Belle- 
foret, and other authors, with more probability, sup- 
pose him to be Bartholdus Schwartz, or the Black, who 
discovered it, as some say, about the year 1320. The 
first use of it is ascribed to the Venetians in the year 
1380, during the war with the Genoese ; and it is said 
to have first been employed in a place anciently called 
Fossa Clodia, now Chioggia, against Lawrence de Medi- 
cis; and that all Italy made complaints, against it, as a 
manifest contravention of fair war&re. 
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Bat this account is centradicted, and gunpowder is 
shown to be of an earlier era; for the Moors, when they 
were besieged in 1343 by Alphonsus XL, King of Gas- 
tile, are said to h^e discharged a sort of iron mortars 
upon them, which made a noise like thnnder. This 
assertion is- seconded by what Don Pedro, Bishop of 
Leon, relates of King Alphonsus, who reduced Toledo, 
yiz., '^ that in a sea<3ombat between the King of Tunis* 
and the Moorish King of Seyille, abont four hundred 
and fifty years ago, those of Tunis had certain iron 
tubes or barrels, wherewith they threw thunderbolts of 
fire/' 

Further,. it appears that our Boger Bacon knew of 
gunpowder near a hundred years before Schwartz was 
bom. That excellent friar tdls us, in his treatise, De 
Secretus Openbus Artii <Sb Natwrmy <Sb de NuUitaU 
MagisBy that from saltpetre, and other ingredients, we 
are able to make a ^xe that shall bum at what distance 
we please ; and the writer of the life of Friar Bacon 
says, that Bacon himself has divulged the secret of 
this composition in a cipher, by transposing the letters 
of the two words in chap« zi. of the above-cited treatise, 
where it is thus expressed : '' Sed tamen petrsd lura 
mope canvhre (i. e. carbonum pulvere), et sulphuris ; 
et sic fades tonitrum & cormscationem, si scias artifi- 
eium ;" and from hence Bacon's biographer apprehends 
the words carbonum pulvere were transferred to the 
sixth chapter of Dr. Jx>ngbain's MS. In this same 
chapter. Bacon expressly says, that sounds like thunder, 
and coruscations, may be formed in the air, much more 
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horrible than those that happen naturally. He adds^ 
that there are many ways of doing this, by which a 
city or an army might be destroyed ; and he supposed 
that, by an artifice of this kind> Gideon defeated the 
Midianites with only three hundred men (Judges, chap. 
vii). There is only andth^ passage to the same pur- 
pose, in his treatise De Sdentia EarperimmUdia ; 
see Dr. JebVs edition of the Opus Magua, p. 474. 
Mr. Bobins apprehends (see the p^face to his tracts) 
that Bacon describes gunpowder, not as a new composi- 
tion first proposed by himself, but as the application of 
an old one to military purposes, and that it was known 
long before his time. 

Dr. Jebb, in his preface to the above-cited work, de- 
scribes two kinds of fireworks; one for fiying, inclosed 
in a case or ca;rtouche, made long and slender, and filled 
with the composition closely rammed, like our modem 
rocket, and the other thi<^ and short, strongly tied at 
both ends^ and half fiUed, resembling our cnudcer ; and 
the composition which he prescribes for both is two 
pounds of charcoal, one pound of sulphur, and six 
pounds of saltpetre, well powdered and mixed together 
in a stone mortar. 

Mr. Dutens, in his Inquiry into ^ Origin of the 
Discoveries attributed to the Modems, carries the anti- 
quity of gunpowder much higher; and refers to the 
accounts given by Yirgil, Hyginus, Eustathius, Vale- 
rius Flaccus, and many other writers of the same date. 

To close this tedious detail, only one more work shall 
be mentioned^ which seems to confirm the antiquity of 



OUNPOWDSB. 28 

this composition, yiz.^ the Code of Gentoo Latos^ 
1776 ; in the pre&oe to whi<^ it ia asserted duit gun* 
powder was known to the inhabitants of Hindostan, &r 
beyond all periods of investigation. 

Thus mnob haying been said ooneenung the history 
and antiquity of this wonderful composition, it remains 
only to describe the method by which it is now manu- 
factured ; but to maintain that gradatumfAst prpgres- 
siye order^ laid down at the ocHomencement of the work, 
it is neeessary. first to describe the ingredients of which 
it is composed ; for it is only by a knowledge of the 
parts of any ocNDnposition, that a good understanding can 
be gained of the propcffties of the whole. 

There are only three ingredients that enter into the 
composition of gunpowder ; these a^ saltpetoe, sulphur, 
and charcoal. The first is a combination of nitric acid* 
and potash^f and is better known in modem chemiistry 

* Nitric <icid is a compound of azote, or impure air, and oxy- 
gen, or Yital air, and is sometimes made by repeatedly passing 
electric shocks through a mixture of oxygenous and azotio 
gas. 

f Potash, or the yegetable alkali, is generally obtiuned fh>m 
wood-ashes ; but sometimes firom tiie tartar, or from the lees 
of wine. What is used in England is generally imported from 
the north, where there is an abundance of wood to allow of its 
being burnt .for this purpose. 

This nitrate of potash exists in a natural i^te, but is geiye- 
raHy in yery small quantities. It is found at the surface of 
the ground in some p'arts of Persia and the East Indies, and is 
mostly united with a kind of yellowish marl, which they dig 
from the cliffs on the sides of hills exposed to the northern and 
eastern winds. 



24 ftboteohnist's companion. 

by the name of nitrate of potash. The second is a sab- 
stance very well known^ from the inflammable proper- 
ties it possesses ; it is found alone, or combined with 
other bodies, in various sitoajaons. In voleanio pro- 
ductions, it is found almost in its last degree of purity. 
It is found also in the state of sulphurio add; that 
is to say, combined with ozygep. It is found in 
this state in argil^'*' gypsQm,f &c., and it may likewise 
be extracted from Tegetable substances and animal 
matter. The ^rd and last is an article so well known 
in commerce, that it is. almost needless to describe i^— 
that iBy charcoal ; and the best to be found for the com- 
position of gunpowder is that made f^om the alder, 
willow, or black dogwoods 

This powerful composition is & mixture of these three 
ingredients, comlHned in the following proportions : for 
each 100 parts of gunpowder, saltpetre 75 parts, sul- 
phur 10, and charcoal 15. In some countries, the 
proportions are somewhat different; but this is the 
combination made use of by most of the English manu- 
facturers. 

The saltpetre is either that imported from the East 
Indies, or that which has been extracted from damaged 
gunpowder. It is refined by solution, filtration, eyapo- 

♦ Alwniney or elay; it is fbttnd of yariouS degrees of purity, 
and mixed "with a yariety of other earths. 

f This is lime combined with snlphurio add; it is oalled 
gypsnm, plaster of Paris, plaster-stone, or selenite. It is rery 
abundant in some parts of £ngland, and the hiUs near Paris 
are chiefly composed of it 
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ntion, and' crystsUiBation ; after whick it is fused, 
taMng care that too mach heat is not ^nployed, or 
there is danger of decomposing the nitre. 

The sulphnr nsed is that which is imported from 
Sidly, and is refined by melting and skimming; the 
most impure is re&ied by snUimation. 

The charcoal is made in the following manner : The 
wood is first cnt into pieces of aboat nine inches in 
length, and put into an iron cylinder placed horiaontaUy. 
The front aperture of the cylinder is then closely stop- 
ped } at the other end there are pipes conneeted with 
casks. ¥ire being made under the cylinder, the pyro- 
ligneons acid'*' comes over. 1^ gas -escapes, and the 
acid liquor is collected in the <^ks ; the fire is kept up 
till no more gas or Bquid comes over, and the carbonf 
remains in the cylinder. 
<• . •• . - - — - 

* "Frompyr, fire, and Uffnuntf wood; the aoid obtaiiied ttom 
the partial oombnstioii of wood^ This acid ia used in calico 
printing as mordanii for dark-colored patterns. 

f The name given by chemists to the pure part of charcoal. 
It is said to be present in almost all combustible bodies, and 
is of itself entirely of that nature. When charcoal is burnt, its 
carbon unites With the oxygen of the air, and so much heat as 
t6 give it a gaseous form, and constitutes carbonic acid gas, or 
fixed air. The same gas is also obtained by the combustioB of 
the diamond, proving that this precious and costly article is 
carbon or charcoal, in a very indurated state^and assuming a 
determinate form. It was not till lately that the diamond was 
proved to be combustible ; but by means of the blowpipe, and 
a stream of oxygen gas, it may be, to speak in common Tan* 
guage, wholly consumed. The air that, is extricated during the 
3 
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The three ingre^ents being properly prepared are 
ready for manu&ictaring. They are first s^arately 
ground into a fine powder, then mixed in the proper 
proportions, and afterwards committed to the mill for 
the purpose of incorporating their component parts. 
The powder-mill is a slight wooden building, with a 
boarded roof, so that, in case of accidental ezplosions, 
the roof may fly off without difficulty, and in the least 
injurious direction,^ and thus- be the means of preserving 
the other parts of the building. 

The operative parts of the mill consist of two stones 
placed vertieldly, and running -on another placed hx>ri" 
zontally, which is called the bed-stone, or trough. On 
this bed-stone, about forty oi: fifty pounds of the com- 
position are spread out, and moistened with water till 
reduced to about the consistency of a very stiff paste* 
After the stone-runners have made the proper revolutions 
over it, which requires about eight hours continued 
action of the mill, which is worked sometimes by horses, 
and sometimes by water, it is then taken from the mill, 
and sent to the coming-house, to be corned or grained. 
Here it is formed into hard lumps, and these are put 

combustion is carbomo acid gas, proying the oUainond to have 
been chiefly, if not wholly, composed of carbon. 

Long before this fact respecting the diamond was. ascertained. 
Sir Isaac Newton, reasoning from its great refracting power, 
declared it to be his opinion that it was one of the most com- 
bustible of bodies. Modem discoTcries have now proved the 
fact ; and it affords us an admirable instance of the acumen of 
that great philosopher. — PoptUar Chemical Iksay^. 
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into circular sieyes, with parchment bottoms, perforated 
with holes of different sises, and fixed in a frame con- 
nected with a horizontal wheel. Each of these sieves is 
also furnished with a runner or spheroid oi lignum 
Titae, whiehy being set in motion by the action of the 
wheels, forces the paste through the holes of the parch- 
ment bottom, forming grains o£ different sizes. The 
grains are then separated from the dust by sieres and 
reels n&ade for that purpose. The grains are next 
hardened, and the rougher edges are taken off by shak- 
ing theud for some time in a close reel, moved in a 
circular direction with a proper velocity. 

When the powder has been c(Mmed, dusted, and 
glazed, it is dried in the stove-house, where great care 
should be taken to avoid explosion. The stove-house is 
a square apartment, three sides of ii4iich-are furnished 
with shelves or eases, on proper supports, arranged 
round the room ; and the fourth contains a large cast- 
iron vessel, called a ^^ gloom,'* which projects into the 
room, and is heated from the outside, so that no part of 
the fuel may touch the powder. For greater security 
against sparks by accidental friction, the glooms are 
covered with sheet-copper, and are always cool when the 
powder is put in or taken out of the room. 

Here the grains are thoroughly dried, losing in the 
process what remains of the water added to the mixture 
in the mill for bringing it to a working stiffness. A 
method of drying powder by steam-pipes, running 
round and crossing the apartment, has been sux^cessfully 
tried; and thus the possibility of any injurious accident 
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from over-heating is prevented. The temperatur^^ of 
the room, when heated in the eommon way by a gloom- 
stove, is always regukted by a thermometer hung in 
the door of the stoves. 

If gunpowder is injured by .damp in a small degree, 
it may be recovered by again drying it in a stove ; bat 
if the ingredients are decomposed, the nitre must be 
extraoted by boiling, filterings evaporating^ crystallizing, 
&o., and then, with firesh -sulphur and oharooal, be re- 
manufactured. 

There are several methods of proving and trying the 
goodness and strength c£ gunpowder. The following, 
as common methods, are frequently made use of: 1.* 
By sight; for, if it be too black, it is too moist, or has 
too much charcoal in it; and if rubbed upon white 
paper, it bla^ens it more than good powder does. 2. 
By touch ;,for if, in crushing with your finger-ends, the 
grains break easy, and turn into dust, without feeling 
hard, it has too-much charcoal in it; or if, in pressing 
under your fingers upon a smooth, hard board, some 
grains feel harder than the rest, or, as it were, dent 
your finger-ends, the sulphur is not well mixed with the 
nitre^ and the powder is bad. And also by burning, in 
which method, little heaps of powder are laid on white 
paper three or four inches asunder, and one of them 
fired; which, if the flame ascend rapidly, and with a 
good report, leaving the paper free from white spots, 
and without burning holes in it, and if sparks fly off 
and set fire to the adjoining heaps, the quality of the 
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powder may be safely relied on ; but if otherwise, it is 
either badly made or the ingredients are impure. 

These are some from among the common methods 
made use of for this purpose; but for greater accuraoy 
in determining the rektire strength of gunpowder, vari- 
ous machines have of late been invented by men con- 
nected with military affairs. That excellent mathema- 
tician and philosopher, G. Hutton, LL. D., F. R. S., and 
late Professor of Mathematics in the Royal Military 
Academy, Woolwich, has constructed a machine for 
this purpose, which, for convenience and accuracy, far 
surpasses anything of the kind hitherto invented. It is 
o^ed Eprouvette, or a (xunpowder Prover (for plans 
and description, see third vol. MuUon't Tracti, page 
153); and from its possessing so many peculiar advan- 
tages, is now generally used. It consists of a small 
cannon, the bore of which is about one inch in diameter, 
suspended freely like a pendulum, with the axis in a 
horizontal direction. This being charged with the proper 
quantity of powder, which is usually about two ounces, 
and then fired, the* gun swings or recoils badcward, and 
the instrument itself shows the extent of the first or 
greatest vibration, which indicates the strength to the 
utmost nicety. The whole machine is so simple, easy, 
and expeditious in its use, that the weighing of the 
powder is the greatest part of the trouble ; and it is also 
so uniform with itself, that the successive repetitions 
or firings with the same quantity of the same kind of 
powder, hardly ever yield a difference of the hundredth 
part from the first vibration. 
3* 
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Haying thus given an aeeoxint of ahnost everything 
necessary to be known in regard to the process of making 
and ascertaining the relative strength of gunpowder^ this 
article shall be closed with a few observations (which 
wiU be selected from the best authoritiea)-on the phy- 
sical causes of its inflammation and exploding. When 
the several ingredients of gunpowder are properly pre- 
pared^ imxed, and grained, in the manner already de- 
scribed, if the least spark be sianick therec^i from a steel 
and flint, the whole will be immediately inflamed, and 
burst out with extreme violence. 

The eflect is not hard to account for; the charcoal 
part of the grains whereon the spark fiiUs, catching fire 
like tinder, the sulphur and the nitre are readily melted, 
and the former also breaks into flame ; and at the same 
time the contiguous grains undergo the same fat«. 
Now it is known that saltpetre, when ignited, rarefies 
to a prodigious degree. Sir Isaac Newton reasons thus 
on the subject: "Charcoal and sulphur in gunpowder 
easily take fire, and kindle the nitre ; and the spirit of 
the nitre, being thereby rarefied in the vapor, rushes 
out with^an explosion much after the manner that the 
vapor of water rushes out of ian aaolipils; the sulphur 
also, being volatile, is converted into vapory and aug- 
ments the explosion : add, that the acid vapor of the 
sulphur, namely, that which distils under a bell into 
oil of i^lphur, entering violently into the fixed body of 
the nitre, lets loose the spirit of the nitre, and excites a 
greater fermentation, whereby the heat is farther aug- 
mented, and the fixed body of the nitre is also rarefied 
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into fume; and the explosion is' thereby made more 
vehement and quick.'' 

If salt of tartar be mixed with gunpowder, and that 
mixture be warmed till it take fire, the explosion will 
be greatly more violent and quiok than that of gunpowder 
alone } which cannot proceed from any other cause than 
the action of the yapor of gunpowder upon the salt of 
tartar, whereby the salt is rarefied. 

The explosicm of gunpowder arises, therefore, from 
the -violent action whereby all the mixture, being quickly 
and vehemently heated, is rarefied and converted into 
fume and vapor ; which vapor, by the violence of that 
action, becomes so hot as to shine, and appear in the 
form of a flame. 

Another cause of the- effeets of gunpowder may be 
owing to the sudden formation of a quantity of gas, and 
are consequently greater when the gas is confined in all 
directions bul one, aa in our guns and cannon. The 
nitric acid of saltpetre is decomposed, and affords the 
gas. The other ingredients dispose it to be easily in- 
flamed, which is necessary to the decomposition of the 
acid. Dr. Ingenhousy accounts for the effect of gun- 
powder by observing that nitre yields by heat a surpris- 
ing quantity of pure dephlogisticated air, and charcoal 
^ considerable quantity of inflammable air; the fire em- 
ployed to inflame the powder extricates these two airs, 
and sets fire to them at tjie instant of their extrication. 
Count Eumford is of opinion that the force of the 
elastic fluid, generated in the combustion of gunpowder, 
may be satisfactorily accounted for upon the supposition 
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that its force depends solely on the elasticity of watery 
yapor or steam. 

M. De la Hire^ in the history of the French Academy 
^or 1702, ascribes all the force and effect of gnnpowder 
to the spring or elasticity of the air inclosed in the 
several grains thereof^ and in the interrals or spaces be- 
tween the grains; the powder being kindled, sets the 
springs of so many little parcels of air playing^ and di> 
lates them all at once, whence the effect ; the powder 
itself only serving to light a fire which may pnt the 
air in action, after which the whole is done by the «dr 
alone. 

Dr. Hutton seems to differ from the opinion of M. De 
la Hire, in regard to the expansion of inflamed gun- 
powder. Is it, he observes, occasioned by the air inter- 
posed between its grains, or by the aqueous fluid which 
enters into the composition of the nitre ? We doubt 
much (continues^he) whether it be the air, as its expan- 
sibility does not seem sufficient to explain the pheno- 
menon ; but we know that water, when converted into 
vapor by the contact of heat, occupies a space 14,000 
times greater than its origin^ bulk, and that its force 
is very considerable. 

The same learned author says that the discovery of 
the true cause of the expansive force of fired gunpowder 
is chiefly due to the English philosophers, and particu- 
larly to the learned and ingenious Mr. Robins. This 
author apprehends that the force of fired gunpowder con- 
sists in the action of a permanently elastic fluid, suddenly 
disengaged from the powder by the combustion, similar in 
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some respects to eommon atmoepherio air, at least as to 
its elasticity. He showed, by satis&etory experiments, 
that a fluid of this kind is actually disengaged hy firing 
the powder; and that it is permanently elastic, or re- 
tains its elasticity when cold, the force of which he mea- 
sured in this state. He also measured the force of it, 
when inflaxoed, by a most ingeniona method, and found 
its strength in that state to be about a thousand times 
the strength or elasticity of common atmospheric air. 
This, the Doct(»' observes, is not its utmost degree of 
strength, as it is found to increase in its force when fired 
in larger quantities than those employed by Mr. Bobins; 
so much so, indeed, that, by more accurate experiments, 
we have found its force rise as high as 1600 or 1800 
times the force of atmospheric air in its usual state. 
Mu<^ beyond this it is not probable it can go, nor indeed 
possible, if there- be: any truth in the common and al- 
lowed physical principles of mechanics. With an elastic 
fluid of a given fcffoe, we in&llibly know or compute 
the ^eots it can produce in impelling a given body ; 
and on the other hand, from the effects or velocities with 
which given bodies are impelled by an elastic fluid, we 
certainly know the force or strength of that fluid, and 
these effects have been found perfectly to accord with 
the force above mentioned. Mr. Bobins's discovery and 
opinions have also been corroborated by others, among 
the best chemists and philosophers. Lavoisier was of 
opinion that the force of fired gunpowder depends, in a 
great measure, on the expansive force of unoombined 
caloric, supposed to be let loose in a great abundance. 
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during the combustion or deflagration of the powder. 
And Bouillon Lagrange, in his course of Chemistry, says, 
when gunpowder takes fire thare is a disengagement of 
azotic gas, which expands in an astonishing manner 
when set at liberty ; and we are even still ignorant of the 
extent of the dilatation occasioned by the heat arising 
from the combustion. A decomposition of water also 
takes place, and hydrogen gas is disengaged with elasti- 
city; and by this decomposition of water there is formed 
carbonic acid gas^ and even sulphuretted hydrogen gas, 
which is the cause of the hepatic smell emitted by burnt 
powder^ 

It has been found by experiment, that granulated 
powder inflames with much ^eater rapidity than tiiat 
which is not granulated; the latter only pufls away 
slowly, while the other takes fire abuost instantaneously; 
and of the granx^^ted kinds, that in round grains much 
sooner than that in oblong irregular grainsf the cause 
of which may arise from the former leaving to the flame 
larger and freer interstices, which produce the inflam- 
mation with much more rapidity. 

Gunpowder is supposed to explode at abou^ 600^ 
Eahr:, but if heated to a degree just below that of faint 
redness, the sulphur will mostly burn off", leaving the 
nitre and chiu*coal unaltered. 

Experiments have also proved that the variations in 
the state of the atmosphere do not in any way alter the 
action of powder. By comparing several trials made at 
noon in the hottest summer sun, with those made in 
the morning and evening, no certam difference could be 
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perceived ; and it was the same with those made in the 
ni^t, and in winter. And indeed, considering the 
principles of the explosion, and that it always contains 
the same quantity of the elastic fluid, it is difficult to 
conceive how its force can be affected by the density or 
rarity of the atmosphere. 

The action and nature of this formidable composition 
being now somewhat fully described, the principal object 
of the work will now be proceeded with — that of con- 
structing the most common and curious articles for 
pyrotedinic exhibitions. 
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SECTION II. 
MATEBIALS. 

Having, in tlie preceding Bection, ente^d some- 
what largely on the nature and properties of gunpowder, 
and consequently of the ingredients which compose it, 
any further observations on them would be unnecessary, 
providing the ingredients and proportions always re 
mained the same. But as the ingredients used in 'the 
manufacture of that article are frequently employed in 
various other proportions, to form compositions for fill- 
ing fireworks, it is necessary to give some further 
directions for the choice and purification of these 
articles, which, together with the apparatus used in the 
making of fireworks, will form the subject of the pre- 
sent section. 

1. Nitre. — Among the various articles made use of 
in the composition, none are of greater importance than 
saltpetre ; for on the quantity and purity of this, depend 
all the force and much of the brilliancy of the fire. The 
most common sort is that usually sold by the grocers, 
and is generally in large lumps formed of an assem- 
blage of small crystals somewhat transparent, and often 
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mixed with earthy matter and many other impurities. 
In its purest state it is in the form of small, siz-sided^ 
prismatic crystals, not apt to grow moist or powdery on 
exposure to the air. The pure nitre is now beoome 
very expensiye, so that it is of consequence to know how 
the common nitre, or nitre of commerce, may be purified, 
for it is found to answer no purpose in pyrotechny 
uidess such change or purification has been effected. 

Nitre is found (like most of other sidfaie bodies) to 
be much more soluble in boiling water, liian in water of 
the x>rdinary temperature. If, therefore, the nitre of 
commerce be dissolved in a small quantity of boiling 
water, and the solution be properly strained, the liqu<»*, 
when cdid, will afford crystals that are very pure. The 
following is the most convenient method of proceeding: 
Dissolve the nitre in boiling water (which should be 
soft water), in the proportion of about a quart to each 
pound of nitre ; and that the solution may be more 
easily effected, let the nitre be reduced to a powder 
previous to its being immersed, and let the vessel con- 
taining the nitre and water be kept at the boiling heat 
till all the salt is dissolved; t^en strain the liquor, while 
hot, liirough Hhick blotting-paper, placed in a clean 
fonnel ; and set by the filtered liquor in a shallow ves- 
sel, in a cold place, to crystallize. The crystals thus 
obtained are to be dried, fir^t in blotting-paper, and 
then before the fire, and kept for use. From the re- 
maining solution^ which is sometimes called mother- 
watery fresh crystals may be procured by boiling it in 
a clean tin vessel till a filming scum arises to the sur- 
4 
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&ce, then filtering it throngH paper^ and setting it to 
crystallize as before. 

Very pure nitre may also be obtained from damaged 
gunpowder^ which may be sometimes procured at a cheap 
rate, at the shops where it is sold for this purpose. The 
damaged powder must be ground with a small quantity 
of hot water, in a large wooden or stone mortar, cm* it 
may be boiled over a gentle fire, with sufficient water 
to cover it, till as much as possible of the nitre is dis- 
solved; the liquor is then to be sfi*ained through a 
thick flannel bag, afterwards filtered while hot through 
blotting-paper, the sediment to be boiled down till a film 
rises on the surface ; again filtered and set by to cool 
and crystallize, as directed in the process for the former 
method. 

The nitro must always be reduced to fine powder, 
previous to mixing it with other substances; tiiis is 
easily done by dissolving it in a little more than its 
own weight of boiling water, keeping the solution- over 
a gentle fire, and continually stirring it with a flat 
stick till all the water is evaporated, when the powder 
is to be taken out and dried before a gentle fire; dtqring 
which, care must be taken not to let it remain too long, 
or exposed to too great a heat, otherwise it will.be 
melted into a firm cake. The drying may be completed 
by suffering it to remain a sufficient time on paper 
before the fire. For the purification of saltpetre, both 
these methods may (by attending to the foregoing 
instructions) be practised with success; but of the two, 
the former is more strongly recommended. 
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2. fiuiiPHUB. — Sulphur is the next ingredienty in 
regard to importance, as being the most inflammable 
material known. It exists in three states, in all of 
which it is occasionally employed in fireworks ; the first 
is that brought from the neighborhood of yolcanoes, 
and is called noHve sulphury but more commonly «ti^ 
phur vivumy though (it may be observed), what is sold 
in the shops under this name is a drossy powder, the 
refuse left after purification. The second is that in the 
roll, called roll sulphury or stone brimstone. The third 
is the sublimated sulphur, or, as it is oommenly called, 
Jhtoer of sulphur; this, when genuine, is the purest, 
and is found to answer best for aU nice and delicate 
articles, and from its being already in a state of powder 
it is by &r the most convenient, as the others require 
to be ground or mealed previous to their being used. 
The first kind is the cheapest, and answers pretty well 
for all large and coarse articles, but as it is most fre- 
quently mixed with earthy matter and other impurities, 
the use of it cannot be much recommended. The 
^cond is found to be the strongest, and which is mostly 
used, particularly for most of the ordinary articles; but 
such is the desire of gain^ that this article of sulphur is 
not suffered to pass through the hands of the dealers 
without its quality being reduced by adulteration, which . 
they effect by mixing with it resin, fiour, &c. ; when 
pure, it is of a bright yellow color, dense but not too , 
heavy, easily cracks with the heat of the hand, and the<^ 
broken parts look bright and crystallized. There is 
another kind of sulphur (though not generally known 
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amoog dealers) wbich does not buni like others^ ftnd, 
what IB rather smgolar^ it emits no solphurous smelly 
for being put upon the fire it melts just like common 
wax. TioB SOTt is found in great abondanoe in Iceland, 
near Mount Hecla, and Gamiola. . This solphar is 
oommonlj of a reddish color, like that found in the 
Straits of Heildesheim, where it is likewise of seyend 
colors, as pale yellow and grew, and generally adheres 
to the sur&ee of stone and rocks, from which it may be 
easily broken off and collected ; that which is perfectly 
yellow of each kind is the best. That of the first de- 
scription, or . su^hur vivum^ is sometimes called quick 
tuiphw, from its undergoing no change by fire, since its 
production by nature; and in some countries it is called 
vir^n ndpkur, because the women and girls in Campa- 
nia frequently make a kind of paint of. it, for a no less 
delicate purpose than that of beautifying the fi&ce. 
Should eithw kind be met with in an impure state, the 
following method may be apj^ed for the purpose of 
purification. 

To purify Sulphur, — ^Melt a quantity of it in an iron 
pan, by which means the earthy and metallic parts will 
be precipitated, and then pour it into a copper-kettle, 
where it will form another deposit of ihe impure matter 
with which it is mixed; after kee]Mng it for some time 
in a melted state, pour it into cjrlindrio wooden moulds, 
for the purpose of forming it into sticks ; the moulds 
may be about an inch in. diameter ; their length may be 
various. If the sulphur should take fire during this 
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operation^ it may be qoickly extingaished by covering 
the pan dose over at the top. 

3. Chabooal is also a oonsdderable ingredient in 
these compositions, but is of a much m<Mre simple nature 
tiian that of the foregoing ones. It may generally be 
procured at the hardware shops, or at foundries, or it 
may be easily prepared; for which, put a quantity of 
small pieces of wood, such as beech or alder, into a 
large earthen or iron pot, filling up the vacuities, and 
covering the top with sand ; then, placing the pot in the 
middle of a strong fire, and keeping it at a red heat for 
two or three hours, as the sand excludes the air, the 
wood is reduced to charcoal without the possibility of 
its being consumed; and when the pot is cold, the 
charcoal is to be taken out and kept for use in some 
very ^ place. Small quantities should only be made 
at a tinie, as it is always best newly prepared. 

4. Steel-dust is another important ingredient in 
fire-works, for being mixed with mealed powder or some 
other composition, and the mixture inflamed in a proper 
tube, or case, the jet of fire produces a most brilliant 
appearance by the sparks arising from the ignition 'of 
the it(m in the oxygen gas of the nitre. 

Iron-filings (for thifi steel-dust is nothing more than 
pure iron reduced into small particles by filing or some 
other method), when free from rust, and not mixed with 
any impurities, answer very well ; but firework-makers 
generally prefer cast-iron reduced to powder by beating 
thin plates of it on a cast-iron anvil with a heavy 
hammer, and sifting the broken particles through sieves 
4* 
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of brass or iron wire, of different degrees of fineness, so 
as to separate the particles into grains of various nzes, 
according to the magnitude of the pieoes. The grains 
thns sorted haye been called iron-sand, and haye been 
distinguished into sand of three or four ordersy according 
to their respectiye fineness ; thus the sand that passes 
through the -first sieve is called sand of the first order ; 
and that which passes through the second^ sand of the 
teoond order ; and so on to the fourth, which is general] j 
very coarse. The finest is calctilated for fireworks of 
the smalleBt sice, the second for pieces scnnewhat larger, 
and that of the last order, only for pieces of the largest 
size, such as gerbes of six (nr eight pounds, the com- 
position 'of which- being of proportionate strength to 
bring such large particles into a state of ignition. 

As these grains are very apt to rust by keeping, they 
should be preserved either in close-stopped botties, well 
dried, or in boxes that shut close, and are lined with 
paper moistened in linseed oil. It sometimes happens 
that fireworks may be required to be kept a long time, 
or sent abroad; which could not be done with the 
brilliant fires, if made with filings unprepared^ for this 
reason, that the saltpel^ being of a damp nature causes 
the iron to rust; the consequence of which is that, 
when the works are fired, tbere will appear only very 
few brilliant sparks, but instead of them a number of 
red and drossy sparks ; and besides, the charge will be 
so much weakened that if this were to take place in 
wheels, the fire would scarcely be strong enough to 
force them round ; but to prevent such failures in the 
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firing of theiin^ the filings^ or iron-sand^ may be thus 
prepared : — 

lb pr^mre inm-iand, — ^Melt some brimstone in a 
glased earthen pan, over a slow fire, and when dissolyed 
throw in- some filings, whieh keep stirring till they are 
all covered with brimstone; this most be done while it 
is on the fire 5 then take it oflF and stir it very quiekly 
till cold, when it must be rolled on a l^oard with a 
wooden roller, till broken as fine as oomed powder, 
alter which sift ^m it as much of the brimstone as 
possible. In heating the brimstone, should it take fire, 
it may be quickly extinguished by covering the pan 
close over at the top. 

Second method, — ^There is another method of pre- 
serving filings so as to keep two or three months in 
winter ; this is done by rubbing tiiem between strong 
brown paper, which has been previously moistened with 
linseed oil. 

In ^e,' it will be well to anticipate a little trouble in 
the preparation of this granulated ironnsand; for >ca8t- 
iron being of so hard a nattire as not to be cut by a file, 
it is obliged to be pulverized, or reduced to grains by 
the method described, whieh is rather dfficult to per- 
form ; but when it is considered what beautiful sparks 
this iron yields, no pains shotild be spared to granulate 
such an essential material. 

When these plates of iron cannot be procured, an 
old cast-iron pot may be employed ; but especial care 
must be taken that its surface be perfectly free from 
rust and other impurities, previous to its being pul- 
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verized^ oikennse it will entirely destroy the effect it is 
intended to produce. 

It is to the Chinese we are indebted for this method 
of rendering fire so brilliant and yariegated in its colors, 
who discovered it long before Father d'lncarville made 
it known to the European countries. This sand, when 
it inflames^ emits a light exceedingly vivid; and it is 
surprising to see fragments of this matter not larger 
than a poppy-seed form nil of a. sudden luminous flowers 
of stars, twelve and ;fifteen -lines in diameter. . These 
flowers are also of different forms, according to that of 
the inflamed grain, and even of different colors, accord- 
ing to the matters with which the grains are mixed. 
But rockets, into which this composition enters, cannot 
be long preserved, unless prepared as described in the 
early part of this article. 

There are maiiy other substances occasionally em- 
ployed in the composition of fireworks, but as they can 
be procured at all chemists, and druggists ready for the 
purpose, it is unnecessary to give any detail respecting 
them, further than enumeration. They are chiefly the 
following, viz. camphor, which is use^ to improve the 
appearance of the fire ; antimony y or tmlphnret of atUv- 
moMfy sal-arnmomacy verdigris^ and pikh, for giving 
to the fire different and particular shades of color; 
Jlowers of henjam/iny or benzoic a^yidy for imparting to it 
an agreeable odor ; and spirits of wine, or camph/yrated 
spiritSy for mixing up the ingredients into a paste. 
These liquids are found to answer much better than 
common water, or gum-water, which is sometimes used} 



as they do not disaolye the saltpetre, and are therefore 
not so liable to produce a separatioii of the materials 
employed. Lrtsi^xn'p-hlack is sometiiDes used instead of 
charcoal, and 10 supposed to haye the efieot of diminish- 
ing the heat of the fire, while it does not materially 
lessen its brilliancj. Thence it is a considerable in- 
gredient in what ia called coLd-fir^ the seeming paradox 
of which will be hereafter reconciled. For the same 
purpose, that of diminishing the force of the composi- 
tion, ^xnixfered gloM and Mwdtsst hare been freqaently 
employed ; but {Hrobably these effects might be better, 
and with more certainty answered, by lessening the 
proportion of nitire. 

5. Oni OE Camphor. — ^This liquid is frequently used 
for the purpose of moistening the compositions ; it is 
thus easily procured : Put a small quantity of camphor 
into a brass mortar, and add to it some oil of sweet 
almonds, sufficient to reduce it to a stiff paste, then work 
the nuixture well together, and it will turn to a green 
color, after which add a sufficient quantity of oil to 
liquefy it for use. It must be obserred, <hi the use of 
this liquid, that the composition into which it enters 
must be kept as much as possible from the air, as an 
exposure to it will cause it to evaporate, and thereby 
occasion a Mlure in the exhibition. 

6. Bbnzou^. — ^Benzoin, or as it is vulgarly called 
Benjamin, is a resinous matter obtained from the tree 
called JSenzain, and is brought from different parts of 
the Indies, where it is found of various kinds, and of 
different colors ', the best is that which is full of white 
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spotSy and iB easily broken. It is used in odoriferous 
fireworks^ but prior to which it must be reduced to a 
fine powder^ which may be e£fected by the following 
method: Put about three or four ounces of benzoin 
grossly pounded into a deep and narrow earthen pot, 
and cover the pot over with b cone of thiisk paper, tying 
it closely round the edge, then place the pot over the 
fire and aj^ly a moderate heat; after the interval of an 
hour, take oflF the cone, and you will find some flower 
sticking to the underside of it ; or, in the language of che- 
mistry, the acid is sublimated and is deposited on the 
paper; the eone must be returned to the pot, and the 
operation continued till the flower appears very white 
and fine. 

The acid, which is frequently used, may be obtained 
by digesting benzoin in sulphuric acid, and by this it is 
obtained much purer and in finer crystals than by any 
other method. 

On this article it has been deemed well to give the 
above information; but to the private practitioner, it 
will be more eligible to purchase it ready prepared. 
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SECTION III. 

APPAEAfuS. 

In tli6 practical part of pyroteclmy, the constraoting 
and dne proportioning of the moulds is a very material 
congideratioDi for on these the goodness of the article 
depends .nearly as much as on the purity of the ingre- 
dients. They consist chiefly of solid and hollow cylinders^ 
made either of wood or metal ; those that are hollow are 
called numldSf and those that are solid farmers; both 
are used in the construction of rockets j similar cylinders, 
either of wood or metal^ are used for ramming down the 
composition ; a machine for contracting the aperture of 
the caseS; the operation of which is called choking; 
ahotiier for boring them after they are filled ; and a 
simple apparatus for grinding the materials previous to 
the cases being filled, as well as others of less import- 
ance, which wHl be described as their assistance is 
required. 

In describing the important apparatus, tho^e which 
come most immediately into use, will be first noticed. 

1. Obinding Machines* — ^For the purpose of tri- 
turating or properly mixing the several ingredients 



48 pyrotechnist's companion. 

together, various contrivances have been resorted to. 
A common iron mortar, such as is nsed by druggists and 
apothecaries, is found to answer very well for grind- 
ing or pounding the brimstone, charcoal, saltpetre, &c., 
separately; and apothecaries close sieves, fitted with 
wire-cloth, are the best possible implements for obtaining 
the fine powder; but when com gunpowder is to be 
mealed, or the various ingredients are to be mixed to- 
gether, such mortars ^not be used, as the heat 
generated by the continued action of the pestle might 
inflame the mixture, and thereby place the life of the 
operator in imminent danger. To obviate these dan- 
gerous probabilities, a very simple contrivance has been 
effected; this is called the mealing-table, and for the 
purpose has proved very speedy and effectual. It con- 
»sts of a rectangular elm board, with a rim round its 
edge, four or five inches high, at one end of which a 
part of the rim is made to slide in a groove, so that, after 
meaKng the powder, it may be swept clean out from the 
table: A representation of it is here given. Fig, 1. Fig. 2 

Fig. 1. Fig.' 2. Fig. 3. 




is a small copper shovel, generally made use of for fill- 
ing and emptying the table. When about to meal a 
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quantit J of powder, observe not to put too much on the 
table at once; but when a moderate portion is put on, 
take the moUer (Fig. 3) and rub it till all the grains 
are well l»x>ken ; then sift it in a lawn sieve, that has a 
receiver and top to it, such as is generally used by the 
apothecaries^ and that which does not pass through the 
sieve must be returned to the table, and, with an addi- 
tional quantity, ground ov^ again. Sulphur and char« 
coal may be ground in the same manner, only these 
being much harder than powder the muller must be of 
ebony, or any other hard wood, else the ingredients will 
slick in the grain of the elm, and be very difficult to 
grind. As sulphur is apt to stick and clod to the table, 
it will be found best to have one for that purpose, as 
they are easily procured; this will be but little trouble, 
and will be more than compensated for by the sulphur 
being always kept clean and well ground. 

The following is another method for the above pur- 
pose, which some consider equally effective. This is a 
mortar made of hard wood, shaped like that of the 
druggists, with the bottom rounded within, and having 
a wooden lid fitting close on the top, and in the centre 
a hole just knrge enough to admit easily the stalk of the 
pestle, to the lower end of which is connected a piece of 
marble terminating in a spherical surface. With this 
apparatus gunpowder may be safely ground to meal, or 
its ingredients mixed by the continued motion of the 
pestle in the hole of the lid. 

Method of mixing the Ingredients. — Connected with 
that of grinding is the operation of mixing the ingredi^ 
5 
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ents, and wbich is considered a principal part of the 
business of pyrotechny; and indeed many articles depend 
as much on the well-mixing as on the proportion of their 
composition; therefore great care should be taken in 
this part of the work, and particularly so in the com- 
position of skyrockets. When about four or Gre 
pounds of ingredients have been duly prepared for 
mixing (which is a sufficient quantity to mix at one 
time), first put them together in some yessel convenient 
for the purpose, then work them about with the hands, 
till their yarious natures are pretty well incorporated ; 
after which put them into the lawn sieve with the re- 
ceiver and top to it, and sift it into some other clean 
vessel, and if any remains that will not pass through 
the sieve, grind it again till fine enough ; and if it be 
suffered to pass twice through the sieve, it will be more 
than the trouble the better. For rockets and all filed 
works, from which the fire is to play regularly, the 
ingredients must be prepared as above ; and it may be 
observed here, that all compositions which contain steel 
or iron filings must be mixed or shifted with the copper 
shovel, for the hands are apt to impart a moisture 
which is injurious to theil' nature. Nor will any works 
which have iron or steel in their charge keep long in 
damp weather without being properly prqMired, as was 
directed in the preceding section. 

There are several other moulds and apparatus made 
use of,' but as most of them are used in the making of 
rockets, and mme few other articles, and are so imme- 
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diatelj connected with the practice thereof, their use 
and application will be better anderstood when treating 
of that article in the next section, rather than by giving 
their descriptions in this place. 
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SECTION IV. 
DIVISION OP FIREWORKS. 

Fireworks are generally divided into two classes : 
those which compose the first, are chiefly gquibs, serpents, 
crackers, sparks, marroons, saudssons, pin-wheels, leaders, 
gerhes, or Roman candles, and (when without any append- 
ages) rockets; these, by their requiring but little dex- 
terity in the preparation, are called simple, (x more 
properly, single fireworks, and are said to be of the first 
class. Others, which are of more difficult construction, 
are called compound or complex fireworks, and are said 
to be of the second class. These consist of sfans, moons, 
stars, wheels, globes, haUoons, batteries, flower-pots, fire- 
pumps, pyramids, &e. ; these are generally composed of 
some of the single pieces, as gerbes, serpents, marroons, 
saucissons, &c., properly arranged on suitable frames 
according to the taste of the operator, and connected with 
each other by long pipes filled witji inflammable compo- 
sition called leaders, and fired by means of quickmatches, 
or port-fires, and very frequently by common touch-paper. 
The descriptions smd instructions will begin with those 
of the simple or single kind, which will lead progres- 
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sivelj to those wbick are more complex^ in the order 
proposed at the commencement of the work. 

In the subsequent directions there will be frequent 
occasion to mention pipes of oommunicationy commonly 
called leadersy by which the several parts of a compound 
work are connected with each other; and several other 
articles of less importance^ as toubh-paper, quick-match^ 
port-fireS; &c. 

1. Touch-paper. — ^This is a paper impregnated with 
a solution of saltpetre, by which 4 1 acquires the property 
of burning slowly away without flame, and yet with 
si^cient strength to communicate its fire to mealed 
powder, when it comes in contact. It is prepared in 
the following manner: — 

To make 2b«cA-paper.— Dissolve a quantity of salt- 
petre in vinegar or any other acid, more or less of the 
saltpe^ according as the paper is required to bum 
slow or &st; then dip into this solution some thin blue 
{taper, let it be well saturated, then take it out, and dry 
it for use. If on trial, it is not found to bum properly, - 
or if it blazes on being set oa fire, it is an indication 
that the solution is too weak; it must .therefore be 
strengthened by adding more of the nitre, and the paper 
must be passed through aj^ain. On the application of 
this paper to fireworks, two modes are in use : For 
small articles, or such as are choked (to be hereafter 
explained), tie a piece round the orifice with thread or 
fine twine, leaving enough of the paper at the end to 
form a small tube, in which is put some mealed gun- 
5* 
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powder, and the paper is then twisted over it^ and ready 
for firing. 

For larger articles, as rockets, Roman candles, &c., 
the paper, instead of being tied, should be pasted ronnd 
the orifice with thin fiour-paste; but care must be taken 
that the paste does not extend beyond the end of the 
case, for this would prevent the fire from communicating 
with the composition, and the piece would consequently 
fail in the going off. 

2. QuxGKMATOH. — ^The purpose of the quickmatch 
is similar to that of touchrpaper, but is chiefly used to 
form the inside of leaders; it is generally made of cotton- 
wick (such as is usually made use of in the manufaoture 
of candles), impregnated with nitre. It is made of 
seyeral sizes, from one to eax threads^ as is most suited 
to the pipes, or articles for which it is designed. The 
pipes must be sufficiently large to receive the matdi 
easily, as its quality will be much diminished by its 
breaking. The following is the best method of making 
this match: Having distributed the cottons into the 
number of threads requisite for the purpose, coil it very 
lightly into a fiat-bottomed copper or earthen pan; then 
pour in a part of the saltpetre and liquor, and boil them 
together about twenty minutes, after which coil it again 
into another pan and put to it the remainder of the 
liquor > then put in some mealed powder^ and well mix 
it with the liquid ; after which place the pan beneath 
the wooden frame (Fig. 4), tying one end of the cotton 
to one side of the frame; then by one hand, by means 
of the handle (a), turn the frame round while the cotton 
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passes throtigli the other^ holding it yerj ligbtlj, and at 
the same time keeping the hand full of the wet powder. 
If the powder is too wet to stick to the cotton^ put more 

Fig. 4. 




in the pan^ so as to keep a snpply until the match is all 
wound up ; it may be wound as close on the frame as is 
thougtt proper, provided it does not stick together. 
When the frame is full, take it off the joints and sift 
dry mealed powder on both sides the match, till it ap- 
pears quite covered; afterwards hang it in some warm 
place to dry, which, if it be in summer, will be effected 
in a few days; but if it be in winter, it will be a fort- 
night before it is fit for use ; when it is perfectly dry, 
cut it along the outside of one of the side-pieces of the 
frame, and tie it up in skeins for use. 

The proper ingredients for the match are, cotton one 
pound twelve ounces, saltpeti'e one pound, spirits of wine 
two quarts, water three quarts, isinglass three gills, and 
mealed powder ten pounds; or half the quantity may be 
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prepared by taking the ingredients in the same propor- 
tion. Four ounces of isinglass should be dissolved in 
about three pints of water. 

3. Port-fires. — ^This term is applied to paper tubes, 
filled with mealed powder^ or a similar composition, and 
which is generally used in setting fire to roekets, or 
compound fireworks, which require to be lighted very 
expeditiously. There are two kinds, the one used as 
above, the other for illuminations : those of the former 
kind are usually called common port-fires, and may be 
made of any length, but are seldom more than twenty- 
one inches; they are rolled on rods about half an inch 
in diameter, and made of cartridge-paper in three or 
four folds till their exterior diameter is about five-eighths 
of an inch, the last fold being well secured at the edge 
by paste, and one end pinched or folded down. The 
moulds, five-eighths of an inch diameter, should be made 
of gun-metal, and to take to pieces lengthwise, forming 
two semi-cylindrical tubes, and when used, to be con- 
nected together by sevei'al rings fijbted to the-oul^ide of 
the tube. If about an inch of metal be made fast to 
one extremity of the half tube of the diameter of the 
rod, or f(»*mer, it will supersede the necessity of a foot, 
and be much more convenient: but the part of the 
former, as it may be termed, must be made very fast to 
the tube, or it will easily be detached by the ramming 
of the cases. The composition for filling these cases 
consists of saltpetre, sulphur, and mealed powder. In 
using these port-fires, the close end is fixed in a metal 
socket made like a p(»*t-crayon, which is attached to a 
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^ stick of safficient lengtb to reach any required part of 
the firework. 

The following is the composition for all fireworks: — 

Sulphur 2.0 

Saltpetre .. . . . .6.0 

Mealed powder 1.0 

^ For a brilliant fire add, steel filings 1 . 0, and for a dark 
fire add, charcoal 1 . 0. 

4. Po&T-FiBXs FOB ILLUMINATIONS. — ^Those differ 
onlj as regards their length firom those aboTC described; 
their diameter is the same ; their length from three to 
six inches, pinched close at one end and left open at the 

\ other; they are filled by small quantities at a time, and 
rammed very lightly, or their cases will be endangered. 
Three or four rounds of paper, with the last round 
pasted, will be strong enough for these cases ; the com- 
position the same as before. 

5. Leaders, or Pipes of Comfntmication, — ^These are 
small tubes of paper, of lengths adapted to the distances 
to which they are to extend^ and filled with a combust- 

^ ible composition that will not bum too fast. As it is 
much the best to have them in long lengths, some large 
size paper must be used for the purpose ; that which is 
called ^' Elephant " is found most convenient, and for 
this purpose is g^ierally used. It is cut into strips two 
or three inches broad, or sufficient to go four times 
round the /ormerSf which will make the tube strong 
enough for most ordinary purposes ; indeed, if they are 
made with greater substance, much inoonYenience will 
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be found in the application of them to the different 
works for which they are designed^ from flying off with- 
out oommunicating their fire. 

The formeri for these leaders should be about one- 
fourth of an inch diameter ; this size has been found to 
answer most purposes, though they are sometimes made 
of lesS; as well as larger diameters, but from one-eighth 
to three-eighths must be the extremes; smooth brass 
wire of proper dimensions make the best formers that 
can be used. When used, observe to dip them in oil or 
grease to prevent their sticking to the paper, which 
must be pasted all over; in rolling them, make use of 
a rolling-board, but press it very lightly upon them ; 
when the former is drawn out, which must be done with 
one hand while the tube is retained with the other, 
great care must be taken, or the former wUl stick and 
tear the paper. 

In the joining and placing these leaders, it is neces- 
sary to be as particular and careful as in their manu- 
facture, for on the well securing and adjustment of 
them depends much of tlie performance of all complex 
pieces ; on this account it will be necessary to give in 
detail, and in as plain a manner as possible, the best 
method: tiie works being ready to be clothed (as 
this operation is termed), cut the pipes in lengths suffi- 
cient to reach from one case to the other, then put in 
the quickmatch (prepared as taught in the last article), 
which must sdways be made to go in very easy ; when 
the match is in the tube, <^ut it off about an inch be- 
yond the end of the pipe, and let it prbjeot as much at 
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the other end ; then fasten the pipe to the mouth of 
each case with a pin, and put the loose ends of the 
match into the mouths of the cases of the works, with 
a little mealed powder ; this done, paste oyer the mouth 
of each two or three strips of paper, and the joint will 
he well secured. 

For illuminations and small oases, the following 
metiiod is generally adopted: — 

First, thread a long pipe, then lay it on the tops of the 
cases and cut a piece off the underside over the mouth 
of each case, so that the match may appear ; then pin 
the pipe to the other cases ; but, before putting on the 
pipes, put a little mealed powder into the mouth of 
each case. If the cases thus clothed are port-fires or 
illuminated works, cover the mouth of each case with 
a single paper ; but if they are choked cases, so situ- 
ated that a number of sparks from other works may 
fall on them before they are fired, secure them with 
three or four papers, which must be pasted on very 
smoothly so that there be no creases for the sparks to 
lodge in, which often set fire to the works before the 
time. 

Avoid as much as possible placing the leaders too 
near or one across the other, so as to touch, as it may 
happen that the flash of one will fire the other, and 
thereby destroy the beauty of the arrangements. 

K the works should be so formed that the leaders 
must cross or touch each other, be very careful to make 
them strong and secure at the joints, and likewise at 
every opening. 
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When a great length of pipe is required, it must be 
made by joining several pipes together, after the fol- 
lowing manner: Having put on one length of match 
as many pipes as it will hold, paste paper over every 
joint ; but, if a still greater length is required, more 
pipes must be joined by cutting about an inch off one 
side of each pipe near the end, and laying the quick- 
matches together and tying them with small twine, 
after which cover the joining with pasted paper. 
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SECTION V. 
OF SINGLE FIREWORKS. 

That class of articles shall 4iow be enumerated and 
described^ which; from the simplicity of their construc- 
tion, have obtained the name of Single Fireworks ; 
among these, the first which offers itself to notice is 
the serpent, or what is commonly called the squib. 

1. Serpents. — The serpents are generally made 
about six or eight inches long, and about half an inch 
in diameter ; they are sometimes made straight, and 
sometimes with a choke in the middle of them ; the 
name which they bear^ probably arose from the hissing 
noise which they make when fired, or from the zigsag 
or vibratory directions in which they move, when pro- 
perly constructed, on being projected from the 
hand. Fig. 6 represents a serpent complete, ^^' 
where A c, the length of the case, may be 
about six inches for an ordinary size. These 
cases must be made of some strong paper, 
and rolled on a former about one-fourth of an 
inch diameter, or somewhat more, and having 
choked or tied one end up close, with strong 
twine, fill the case about two-thirds of the 
way with some of the composition described 
in the general table in Section VII., rammed 
6 
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moderately hard in the mould proper for the diameter 
of the case; and then it is either choked in the part b^ 
that iS; pinched with a piece of twine, so as to leave a 
very small aperture, or some ohstructing body, such aa 
a small piece of paper, or a vetch-seed is introduced, 
and the remainder of the case must be filled with grain 
or com powder. Lastly, the other extremity is to be 
well secured with twine, and is commonly dipped into 
melted pteh ; the other end must be now untied, and a 
little moistened mealed powder is introduced, over 
which a piece^ of touch-paper being prq)erly listened, 
the serpent is complete. 

If the serpents are not choked towards the middle, 
instead of moving in a zigzag direction, they will ascend 
and descend with an undulating motion, till the fire is 
communicated to the grained powder in the part B o, 
when they will burst with a loud report. 

To introduce the composition into small cases, a quill 
cut into the form of a spoon will be found very useful. 
The trouble of first temporarily choking, and tying the 
ends of the cases, may be dispensed with, if the moulds 
in which they are rammed have attached to them a foot 
and nipple, as described in the article Eooksts. 

The common squibs, or such as are of small dimen- 
sions, may be made with still less trouble, for the cases 
being rolled, pasted, and dried as before, one end may 
be permanently tied and sealed, or dipped into hot 
pitch, after which they may be filled in the following 
manner : first, put in a small quantity of grained pow- 
der, which with the rammer and mallet ram down quite 
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hard, then fill up the case as before with the composi- 
tioiiy ramming it hard down in the course of the filling, 
two or three times ; this done, cap it with touch^paper, 
as before directed, and the squib is fit for action! 

2. C&AOKERS. — ^The best material for the cases ^ 
crackers is cartridge-paper, the dimensions of which, 
for an ordinary size, is about fifteen inches loBg by 
three and a half inches wide, folded in the following 
particular manner; it is called particular, because on it 
depends the goodness of the cracker : The method is, 
first to fold one edge down about three-quarters of an 
inch broad, then the double edge is turned down about 
a quarter of an inch, and the single edge is bent back 
over the double fold, so as to form within, a channel a 
quarter of an inch wide, which when opened is to. be filled 
with mealed powder, not ground very fine; this powder 
is then to be covered by the folds on each side, and the 
whole to be pressed very smooth and close, by passing 
over it the edge of a fiat ruler or some such instrument, 
and the part containing the powder is to be gradually 
folded into the remaind^ of the paper, taking care to 
press down every fold in the same manner. 

The cracker thus far advanced, is to be doubled back- 
wards and forwards in folds about two and a quarter 
inches, as many times as the length of the paper will 
allow. After this* the whole should be pressed quite 
close together by means of a, small wooden vice (similar 
to those known by carpenters under the name of hand- 
screws, the use of which would be found extremely 
convenient for many other purposes), and a piece of 
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twine passed twioe round the middle ftcross the folds, 
and the joinings secnred by causing the twine to take a 
tnm ronnd the middle at eyery fold suooessiyely. One 
of the ends of the folds may be doubled short under, 
which will produce an extra report; the other must pro- 
ject a Utile beyond the rest fbr the purpose of priming 
and doping with the touch^paper; when this is done^ 
the cracker is c<»nplete. Crackers, when well made and 
of sufficient strength, are productive of much mirth, and 
when of considerable magnitude, famish excellent means 
of dispersing a crowd ^ at the same time they are so per- 
fectly harmless that no evil consequence may be expected 
to follow the amusement tiiey afford. 

3. Pin-wheels. — ^Pin or Catharine wheels are of 
very simple construction, nothing more being wanted 
than a long wire Ibrmer, about three-sixteenths of an 
inch diameter; on this wire are formed the pipes, 
which, being filled with composition, are afterwards 
rolled round a small circle of wood, so as to form an helix 
or spiral line. 

The cases are generally made of Elephant paper, or 
such as will admit of the greatest length, rolled about 
four times round the wire, and pasted as they are rolled. 
When a number of pipes are made and got perfectly 
dry, they are filled with the composition described at 
No. 2, in the table. These cases are not rammed, but 
filled by means of a tin funnel with a long pipe, made 
so as easily to pass down the case, which is gradually 
filled by shaking the composition out of the funnel. 
All the oases prepared being thus filled, one of them 
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being closed at one end, is to be pasted round the flat 
circle of wood, which most not be aboTe half an inch 
thick and one inch in diameter, and secured at eyery 
half turn by sealingwaz. When this is all wound 
round the circle, and the wheel not sufficiently large, a 
second case may be inserted into the mouth of the last, 
taking care that the end introduced is only loosely 
twisted, otherwise it might obstruct the communication 
and destroy the effect ; but this being properly adjusted, 
and the joining secured by pasting paper round it, the 
spiral is to be continued in the same way as before, till 
the wheel be increased to the proper dimensions, or such 
as suits the taste of the tyro. 

The central block must be pierced in the middle for 
the purpose of receiving a strong pin, or a small piece 
of wire, l^ which the wheel may be attached to a post 
or any other conrenient object; or the pin or wire being 
inserted into the pith of a hasel-stick, the wheel, with- 
out^any danger, may be let off in the hand ; when the 
mouth of the last round is primed and capped with 
touch-paper, on its being lighted, the impulse of the 
flame against the air forces back the ignited part of the 
wheel, which continues to revolve till the whole of the 
composition is consumed.* 

* The force by wliicfa this wheel revolves is very remark- 
able, as it unites in itself those two adverse forces which have 
been the subject of so much mathematical controversy, namely, 
the centrifugal and the centripetal. It may appear like tri- 
fling with science to observe these forces in this simpto produc- 
6* 
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4. Stars.— These are small paper globes filled with 
a composition that emits a most beautiful radiating light^ 
which has been Compared to the light of ^^ those endless 
beauties which adorn our celestial hemisphere/' As 
the purposes for which they are used are chiefly as 
ornaments to other articles, such as rockets, Roman 
candles, &c., their dimensions must of consequence ^be 
limited or adapted to those articles, therefore their diam- 
eters must seldom exceed three quarters of an inch, 
unless the articles to which they are attached are of 
more than ordinary dimensions, and for small articles 
their diameter must be less in proportion. At the be- 
ginning of this article, these were called " paper globes," 
but it must be observed that they are only put in 
paper when their composition is prepared dry; and 
instead of paper they are frequently wrapped in a small 
piece of linen rag, tied closely round with small twine, 

tioiv but that they do exi^t in it is not less evident; for from 
the revolutions of the ignited particles of the composition, the 
former is produced, and from the nature and well-known pro- 
perties of the evolute curve, cceteris jparibuSf the latter is pro- 
duced. 

The Evolute and Involute Curves are possessed with many 
remarkable properties, which it would be no difficult task to 
unfold; but, as it could be of no practical use to the Pyrotech- 
nist, we shall leave it to such of our mathematical readers as 
are able to appreciate the pleasure which such investigations 
afford. And for their assistance, we refer them to the excel- 
lent writings of Button, Simson, Madaurin, &c, ; and to Sect. 
4, Book 2, Newton's ** Principia," where they will find the sub- 
ject beautifully illustrated. 
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and when either of these wrappers are used, a hole must 
be pierced through its middle, to receive a piece of match 
left projecting a little on each side. 

Though the ahove mode of making stars is frequently 
practised, yet it has always been found best to use the 
composition moist, in the form of stiff paste, when it 
will not be necessary to inclose the star in anything, 
because when prepared of such paste it can retain its 
roundness; there will be no need also of piercing a hale 
in it for the match, because when newly made, and con- 
sequently moist, it may be rolled in pulverized gun- 
powder, which will adhere to it; this powder when 
kindled will serve as a match, and inflame the composi- 
tion of the star, which, in falling, will form itself into 
stars, and exhibit a most beautiful appearance. For the 
composition for stars, consult the table Sect. YII., Nos. 
3 and 4. 

Strung Stars. — ^To make these, cut some thin paper 
into pieces of about an inch and a half square ; then on 
each piece lay equal quantities of dry star composition, 
nearly as much as the paper will contain ; then twist up 
the paper as light as possible. When done, rub some 
flour-paste on your hands and roll the stars between 
them; then set them in some warm place to dry. The 
stars being thus prepared, get some flax or fine tow, and 
roll a little over each star ; then paste the hand and roll 
them as before, after which set them again to dry ; and 
when that is quite effected, with a spindle make a hole 
through the middle of each, and thread them on a 
cotton quickmatch, long enough to contain ten or 
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twelve stars three or four inches distant: by joining 
sundry lengths of match, any number of stars may be 
strung together. 

Trailed Stars, or, as they are sometimes oalled, 
comettcstarSf from their sending out a great number of 
sparks, which represent a tail similar to that of a 
comet. There are two kinds bearing the above name^ 
which are those that are rolled and those that are 
driven; when rolled, they must be moistened with a 
liquor made of half a pint of spirits of wine, and half 
a gill of thin size (vellum or any. other that is fine), of 
which use as much as will bring the composition to a 
consistency proper for rolling into balls ; when that is 
done, sifb mealed powder over them and set them to dry. 

Driven Stars. — For these, the liquid used for 
moistening the composition must be spirits of wine, 
with a little camphor dissolved in it, and but a very 
small quantity of it ; as for driven stars the composition 
does not require to be wet ; cases containing one or two 
ounces are best for this purpose, which must be made 
of some very thin paper. 

The composition being damped with the- spirits of 
wine and camphor as above, the cases are to be filled 
and rammed moderately hard, taking care that the case 
be not broken or the paper driven down on the inside ; 
as a protection to them, while filling and ramming, it 
will be best to procure several moulds fitted to their ex- 
terior diameter. These moulds may be of tin, or any 
kind of wood, of dimensions suited to stars from eight 
drachms to four ounces. When they are fiOiled, their 
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cases must be made considerably lighter, which is effect- 
ed bj unrolling the paper within three or four rounds 
of the charge, which is to be cut off, and the loose 
edge made fast with a little paste, and afterwards set by 
for two or three days to dry ; when they have attained 
sufficient dryness they must be cut into lengths propor- 
tionate to their weights, which wiU be nearly as follows: 
from quarter to half ounce cases, their lengths may be 
five or six-eighths of an inch ; from half to one ounce 
cases, their lengths may be one inch ; if two ounces, 
one inch and a quarter ; from three to four ounces, one 
inch and a half long : of the smaller pieces, one end 
must be dipped into melted wax in a manner to cover 
the ccMnposition, the other end must be sprinkled with 
mealed powder wetted with spirits of wine. Of the 
larger pieces both ends must be primed with mealed 
powder wetted as before. 

Stars made after the above manner are used almost 
exclusively for air balloons, and are driven in cases to 
secure them from the force of the composition with which 
the balloons are filled ; therefore their application to 
rockets, and other small articles, is quite inccHupatible 
with their nature. 

KoUiED Stajeis. — ^These are so called chiefly from the 
operation employed in their manufacture. Their dimen- 
sions are from half an inch to one inch diameter. In 
the composition care must be taken that the ingredients 
are well mixed, and previous to its being made up, it 
must be wetted with the following liquid, sufficient to 
convert it into paste ; spirits of wine one quart, in which 
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diBSolye one-fourth of an ounce of isinglafis. Too much 
of the composiiion must not be prepared at once — one 
pound will be sufficient for an ordinary number of stars 
— fw if a greater quantity is wetted the spirit will be 
liable to evaporate^ and leave the eorapositioA dry and 
unfit for the purpose, before it can be all rolled up. To 
make the stars- of uniform dimensions, the following 
method has been found most eligible, and of least trouble: 
when the compositicm is properly moistened, roll it with 
a smooth round stick on any flat even sur&ce, as stone 
or wood, till its thickness is about half an inch, then 
divide it accurately into squares, of dimensions suitable 
to the desired magnitude of the stars : there , are other 
methods for regulating the size of the stars, but this 
has been found most practicable, and is theref(»:e rec<»n- 
mended. Having rolled up the portion of prepared com- 
position as directed, shake theia in som^ mealed powder 
while they are damp, and set them in some wann place 
to dry, which will be effected in two or three days ; but 
if wanted immediately, they may be quickly dried in 
an earthen pan over a slow fire, or in an oven of mode- 
rate temperature; when the stars are perfectly prepared 
they must be preserved in some small box for use, for 
if exposed to the fax they ^11 grow weak, and produce 
but few of those effects which at other times render 
thei]} so beautiful. 

5. Sparks* — ^It is only as it regards magnitude that 
sparks differ from stars above described, they being 
generally made of very small size, and consequentiy of 
short duration in tineir exhibition. The metiiod of pre- 
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paring them is aB follows : put into an earthen yessel one 
ounce of mealed gunpowder, three ounces of powdered 
saltpetre, and four ounces of camphor, reduced to powder 
' by rubbing it in a mortar with a small quantity of 
spirits of wine ; pour orer this mixture some weak gum- 
water, in which some gum-^gacanth has been dissolyed 
till the composition is brought to » state of thin paste ; 
then take some lint> prepared by boiling it in vin^ar 
or saltpetre, and afterwards dried and unravelled, and 
put into ihe composition enough of it to absorb the 
whole ', at the same time take care to stir it well. This 
matter is to be formed into small balls, of about the 
size of a pea, which, being dried by a moderate heat, 
are to be sprinkled with mealed gunpowder, for the 
purpose that they may readily catch fire. 

Anaffier method of making Sparks, — ^Take some saw- 
dust made from fir, or any kind of wood that bums 
readily, and boil it in water in which saltpetre has been 
dissolved; alter boiling about a quarter of an hour, the 
vessel must be removed from the fire, and the liquid 
poured off, so as to- leave the sawdust at the bottom of 
the vessel, then place the sawdust by itself upon a flat 
board or table, and while in a inoist state sprinkle it 
with sulphur, sifted .through a fine hair sieve : the sift- 
ing powder (sulphur) will be improved if there be added 
to it a small portion of bruised gunpowder. When the 
whole has been w^l mixed and of prefer consistence, it 
is to be made up into sparks, as described in l^e other 
method. 

6. Marboons. — Marroons are of very easy con- 
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structi(my being nothing more than small cubical boxes, 
filled yriih a composition proper for making them bursty 
and thence producing a lend report, which, and the sud- 
denness of it, is their chief property. They are used 
principally in combination with other pieces, or to form 
a battery, in which, by different lengths of quickmatch, 
they are caused to explode at distinct intervals. 

Qmstrtictum. — Out a piece of pasteboard into the 
form represented in Fig. 6, which will fold up into a 
cubical case, the angles must be well 
secured by pasting paper over them, 
the top being left till it is filled; 
when this is done, the box is to be 
filled with grained powder, then ce- 
ment strong paper over the top, and 
again in various directions over the 
body; and to increase the strength 
of the box (which will produce a 
louder report), wrap round two or 
three rows of packthread dipped in some strong glue, 
then make a hole in one of the comers, and introduce 
into it a piece of quicktnatch, and your marroon is ready 
for action. 

Marroons may be rendered luminous, or caused to 
emit a brilliant appearance previous to their explosion. 

This is effected by covering them with pfiste made of 
flour of sulphur, mixed up with thin starch, and after- 
wards rolling them in pulverized gunpowder, which will 
serve as a match, or communication; when made after 
this inanner they are called luminous marroons. 
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7. Saucissons. — ^Tliese differ only in form from the 
foregoing articles; till lately no distinotion was made 
between them, nor, indeed, ought any to exist, but the 
French artists have thought proper to give them the 
above name fr'om the supposed resemblance they bear 
to a sausage. 

The cases of marroons are made cubical, those for the 
present articles are made cylindrical, and in proportion 
must be about four times their exterior diameter in 
length ; their diameters may be from one to two and a 
half or three inches, and their cases increasing in 
strength as their dimensions. 

The cases must be choked or pinched at one end after 
the manner of rockets, and tied quite close ; and after- 
wards tbe former, on which they are rolled, should be 
priBssed hard upon the bottom to make it smooth, and 
to take out the wrinkles left by the choking; the 
former, or interior diameter, should not exceed one-half 
of the exterior diameter of the case. 

The cases being thus prepared, they are to be filled 
with coarse powder one diameter and one-fourth high, 
and the rest of the paper must be folded down tight 
upon the powder; then bind them tight in every direc- 
tion with strong packthread dipped in glue, and leave 
them to dry as before. 

They may be rendered luminous, and the match ap- 
plied in the same manner as to marroons. 

Batteries of Marroons, &c. — ^These, it has been said, 
if well managed, will keep time to a march, or a slow 
piece of music. They must indeed be well managed to 
7 
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do so; indiyidiuls baye (with caie) made several trials, 
bat are seldom fortunate enough to produce snqh mii- 
formitj in their intervals^ as to mariL correctly thdr 
commencement of etack bar of music ; and if they do not, 
they €ul entirely as to this property. But^ however, 
much effect may be produced by these noisy pieces by 
arranging them on several stands, with a number of 
cross rails, on which they are to be nailed, and connected 
together by means ef leaders, &o., of different lengths, 
according to their distance a8under> observing to use the 
large and small marroons and saucissons in order to 

Fig. 7. 




produce a greater variety in the reports, which during 
the exhibiticHi of other articles is their chief purpose. 

A battery with the leaders complete is represented in 
Fig. 7. 

8. G£RB£S. — ^This is a species of firework which, from 
a cylindrical case, throws up a luminous and spiurkling jet 
of fire, and from its partial resemblance of a water- 
spout, the French have given it the appellation of gerbe. 

Gerbes consist of a strong cylindrical case made of 
thick paper or pasteboard, and filled with brilliant com- 
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podtion^ and sometimes with stars or bsUs |ilaoed at 
small distaxioes, so that the composition and balls are 
introduced alternately; immediately below each ball is 
placed a little grained powder. This last kind of gerbes 
is more properly called lUnnaa candles^ which will be 
described in the next article. Oerbes are sometimes 
made wholly cylindrical, and sometimes with a long nar- 
row neck; the reasons for making them with a neck, 
are deduced from ratheir philosophical considerations; 
when firedy they exert great force on all parts of the casCi 
especially at the mouth, proceeding therefrom with 
great Telocity ; the reasons therefore deduced for making 
them with a long neck are — ^first, that the particles of 
iron, which enter into their composition, will have more 
time to be heated, by meeting with greater resistance in 
getting out, than with a short neck, which would be 
burnt too wide before the charge be consumed, and spoil 
the effect; secondly, that with long necks the stars will 
be thrown to a greater height, and will not &11 before 
they are speM or spread too much; but when they are 
made to perfection, they will rise and spread in such a 
manner as to represent pretty exactly the form of a 
wheat-sheaf. 

The diameter of gerbes is generally estimated by the 
weight of a leaden ball, which the case is capable of 
receiving; thus they are spoken of as gerbes of eight 
ounces, one pound, &o* Their length from the bottom 
to the top of the neck should be about six diameters ; the 
neck being about one-sixth diameter, and three-fourths 
diameter^ long. They are filled in two ways, according 
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as they have a neck, or are wholly cylindrieal; the cases 
of the latter kind are dosed below, a^d are filled like those 
of serpents, bat the composition must be put in by small 
quantities, and rammed very bard; cases with necks are 
filled from the bottom, but before commencing the 
ramming, care must* be taken to plug up the aperture 
of the neck with a piece of wood fitted to its diameter, 
for if this is not done, the composition will fsJl into the 
neck, and leaye a vacancy in the case, that will cause 
it to burst as soon a3 the fire arrives at that part of it. 

It must be observed, too, that the first ramming or two 
should be of some weaker composition than the body of 
the case. When filled, the plug must be removed, and 
the neck filled with some slow charge, and capped with 
touch-paper; a foot of wood is afterwards to be fixed to 
the gerbe and well secured, either by a cylinder fixed to 
the outside of the case, or by having in it a hole, into 
which the case may be inserted. When either of these 
methods is employed the foot must be firmly attached. 

Sometimes sparks (article 5) are introduced during 
the filling of the cases, but in this case special care must 
be taken that they are not broken by hard ramming; 
their number should be regulated by the size of the case? 
and when carefully used, they produce a pleasing effect; 
but they are most adapted to such gerbes as are wholly 
cylindrical. 

The following method of finding the interior diameter 
of gerbes is generally employed : Supposing the ex- 
terior diameter of the case at bottom (which is usually 
made somewhat larger than the top) to be four inches, 
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then by taking two-foarths for the sides of the casSi 
there will remain two inches for the bore, which will be 
a tolerable good size, and from the rales given for the 
height, the same will be about twenty>foiir inches to the 
top of the neck. Eig. 8 represents a wooden former; 
and Fig. 9 a gerbe with its foot complete. The compo- 
sition for filling will be found in the table, Section VIL 



Fig. 8. 



Fig. 9. 



e 



In ramming large gerbes, an external mould will not 
be requisite, the cases b^ng sufiiciently strong to support 
themselyes. 

Small Ojebbes. — These are frequently called ''white 
fountains;'^ they differ but little, when used as gerbes, 
from the foregoing; they are made of four, eight, or 
twelve-ounce cases, of any length, pasted and made 
very strong; before they are filled, drive in, about one 
diameter of their orifice high, some good stiff day, and 
7* 
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when the case is filled^ bore through the centre of the 
clay to the composition, a vent*hole of common propor- 
tion, which mnst be primed and capped as before. 

These cases are sometimes filled with Chinese fire; in 
this case clay must not be used^ but fiHed the same as 
cylindrical cases, and footed and primed in the same 
manner. 

9. BoMAN Ganples. — ^Boman candles are construct- 
ed nearly after the manner of gerbes; their cases are 
made perfectly cylindrical^ as above described; and be- 
tween the layers of composition are interposed balls, or 
stars, which are prepared as directed in article 4. In 
fiUing and ramming Boman candles, especial care must 
be taken that the stars are not broken in the operation. 
When the cases have been properly rolled and dried, 
and their bottoms firmly secured by tyijig them with 
some strong twine, it is best, previous to putting in the 
composition, to ram a little dry clay, which will fill up 
the hollow, and leave a better bottom to the case. This 
being properly done, put in a small quantity of com 
powder, and over this a small piece of paper, just to 
prevent the composition from mixing with the powder ; 
then as much of the composition is to be put in as will, 
when rammed hard down, fill the case about one-sixth 
of its height; then over this a small piece of paper 
(covering about two-thirds of the diameter) as before, 
then a little com powder, and upon that a ball is to be 
placed, observing to let the ball be somewhat less than 
the diameter of the case. Over this first ball more of 
the composition is to be introduced, and pressed lightly 
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down till the case is about one-third full, when it may 
be rammed, but with gentle strokes, lest the ball be 
broken by it; then a piece of paper, a little com powder, 
and upon it another ball, as before; so that the case 
after this manner will contain five or six balls with 
regular beds of composition between them, and have 
about the same length of composition above the highest 
ball. When the case is thus filled it is to be capped 
with touch-paper by pasting it round the orifice; and a 
little priming of mealed powder being added, the piece 
is rendered complete. 

In regard to the stars or balls, it is best that their 
form be fiat and circular, or even square rather than 
spherical, as they will be less liable to be injured in the 
filling ; they shoidd also be somewhat different in siie, 
which is found to add much to their effect; that is, let 
"the first star be about two-thirds the diameter of the 
case, let the next be a little larger, and so on increasing 
to the fourth, fifth, or sixth, which last should fit tight 
into the case. 

Observe also to let ^he quantity of powder at the 
bottom of eadi ball increase as the balls increase in 
diameter, or as they come nearer the tc^ of the case ; 
not on account of the additicoial weight of the ball, but, 
as on those balls situate near the top, the force of the 
powder ceases to act on the ball, sooner than on those 
situate lower in the oa^, consequently the force to 
throw the ball to the same distance must increase pro- 
portionably; another reason for decreasing the quantity 
of powder towards the bottom is, that the same quan- 
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tity used with the bottom u with the top ball, would 
cause the cases to burst/ and destroy all the effect which 
they are intended to produce. 

The composition for filling will be found in the table. 
Section VIL 

The best way of exhibiting these Boman candles is 
to plaee them in rows on a stand, some fixed quite 
perpendicular, others declining at different angles, that 
the balls may be projected to various distances, and 
produce a more beautiful effisot. The greatest angle of 
declination should not exceed forty^ve or fifty de- 



A very pleasing variety of gerbes may be produced 
by filling the cylindrical cases with the composition 
cftUed Chinese fire (see next article) : being filled with 
red or white, and used with different proportions of the 
ingredients, they may be cast into many and various 
shades of colors. 

10. Chinese Fibe. — ^The principal ingredient which 
forms this beautiful composition, has been already de- 
scribed in Section 11. under the name of iron-«and; 
what is given in this place is, the proportion in which 
it is used with the other ingredients ; the composilion 
is rendered into two particular distinctions, namely, red, 
and white, and each of them made with different pro- 
portions of the ingredients according to the calibers of 
the cases intended to be filled with it, which caliber is 
estimated by the weight of lead balls which will just 
fill out their diameter, as was taught in the article 
Qerbes. 
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For Red Chinese Fire. 

Salt- Sand 

Calibers. petre. Sulphur. Charcoal. 1st order. 

I. 12 to 16 Z6. IJh. 3o2«. 4o2«. 1 ozs, 

n. 16 to 22^5. 1^! Zoz$, bozs, 1ozs.Sdr8. 

in. 22 to 36 Z5. lib. 4o2«. Qozs. Soz8, 

For White Chinese Fire. 
Salth Braised Sand 

Calibers, petre. powder. Charcoal. 8d order. 

I. 12 to 16^6. lib. 12 0Z8. lozs.Sdrs. 11 ozs. 

n. 16to22ZZ». lib. 11 ozs. S ozs. Uozs.Sdrs. 

m. 22 to 36 lb. 1 lb. 11 ozs. 8 ozs. 8 drs. 'i2ozs. 

After carefully weighing the several ingredients, ob- 
serve to sift the saltpetre and charcoal two or three 
times through a hair-sieve in order that they may be 
well mixed; the iron-sand is then to be moistened a 
little with brandy or spirits of wine, which will make 
the solphnr adhere, and they must be well incorporated. 
The sand, now said to be sulphured, must be put to the 
mixture of saltpetre and charcoal, and then stirred and 
turned about till the parts are thoroughly incorporated. 
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SECTION VI. 

BOGEXTS. 

This part of the work treats on the most beautifdl of 
all pyrotechnic productions. 

Bockets have ever held the first place among single 
fireworks since the invention of the art; and to which 
they are justly entitled^ both for the pleasing appearance 
they produce when fired by themselves, and the extensive 
application of them to increase the beauty of the other 
exhibitions. 

They are called by the Italians, RocheUe and Raggi; 
by the Grermans, Ragetten and Drachetten; by the 
French, Fuzees; and by the Latins, Rochetm; from 
which appears to be derived the name given them by 
the English. So much for their names : as to their 
invention it is most probable that it took place at a very 
early period, if not among the first productions of the 
art. By the ancient pyrotechnicians, they were con- 
sidered as the most difficult articles of manufacture, in- 
somuch that it was the first task enjoined to the disci- 
ples of Prometheus,'*' or professors of the art; and the 

* He is fabled by the ancients to have formed a man of clay, 
or earth, and to have stolen five from heaven, with which he 
animated the man he had made. — Seathm JDeiHa, 
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goodness of the article famished a criterion of their 
pretensions. 

It is .to he questioned whether the ancients had such 
a variety of these articles as there now are; but it is 
pretty certain that they were well acquainted with the 
proper proportions of the moulds requisite for their 
manufacture^ insomuch that in many of their treatises, 
they employed the most difficult mathematical calcula- 
tionsy and gave intricate algebraic formul80| for the pur- 
pose of finding their true proportions ; but many of such 
useless difficulties may be avoided; and the explications 
rendered familias^ without wholly sacrificing scientific 
investigations. 

Bockets consist of strong paper cylinders, which 
being filled with the proper composition rammed hard, 
and fire being applied to their apertures, they are caused 
to ascend into the air, or in any required direction : they 
have generally a head fixed to them, containing com 
poilder, sparks^ and many other decorations, which, 
when i^e body of the rocket is consumed, take fire, 
burst in the air, and produce a most beautifiil appear- 
ance : these are called sky-rockets. Others are made to 
run with a great velocity along, a line, and are therefore 
called line-rockets, or courantines. Some are fixed on 
the circumference or on the axle of a wheel, and are 
denominated wheel-rockets; while another kind have 
their cases made perfectly water-tight, and being filled 
with stronger compo»tion, admit of being plunged in 
and under water without retarding their inflammation; 
these receive the significant appellation of water-rockets. 
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1. Sky-rockets, — Sky-rockets, in regard to size, are 
divided into three kinds, namely, those the caliber or. 
internal diameter of which does not exceed that of a 
pound ballet ; or haying their orifice equal to a leaden 
bullet, which weighs exactly one pound ; for the rela- 
tive magnitude of rockets is estimated by the diameter 
of lead balls or bullets, after the manner taught in the 
article gerbes. Those, therefore, the caliber of which 
does not exceed a pound bullet, are termed small-size 
rockets ; those whose caliber is from one to three pounds 
are of the middle size^ and those whose calibers exceed 
the last dimensions, are termed rockets of the largest 
size ; or are named after their weight, estimated as above. 

The moulds and apparatus requisite for making 
rockets shall now be described, for on the due propor- 
tion of which (as befo,re observed) depends much of the 
goodness of tiie article. These moulds are also requi- 
site in order that any number of roekets may be pre- 
pared of the same size and force. As rockets are mstde 
of various sizes, it is evident that moulds of different 
diameters must be produced. 

Fig. 10 represents a mould made and proportioned 
by the diameter of its caliber, which is divided into 
equal parts and rendered into scale, by which the rela- 
tive proportions may be understood, merely by a oon- 
templation of the figure. Thus A B is the caliber, or 
diameter ; c B its whole height, including the foot com- 
plete, and equal to eight diameters, as per scale : E is 
the thickness of the mould, and may be about half a 
diameter; it should be made of some hard wood, such 
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as lignum yitas, or box, and may be either ornamented 
or plain ; F is an iron pin, which serves to fix the cy- 
linder firm to its foot. Fig. 11 is the foot detached 
from the cylinder, and drawn in true proportion, as per 
scale; o, H, i, J, is the base, and may be about one 

Fig. 11. 




M 



J 






and a half diameter high ; k, the choke, which serves 
to connect the cylinder to the foot; L is the nipple, 
which is half a diameter high, and in thickness equal to 
the former, or five-eighths diameter; M is the spindle, 
whose height is three diameters and a half from the 
nipple, and at the bottom one-third or fourth diameter, 
from thence-tapering to one-sixth.diameter in thickness. 
8 
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This spindle should be of gnn^metal, and inserted firmlj 
into the bottom ; its purpose is to preserve a yacnitj in 
the centre of the charge, the nature of which 
^Ifli^' will be hereafter exphiined. Pig. 12 is a 
former in two pieces, connected by an iron 
pin (in diameter equal to the bottom of the 
spindle), to which both ends are rounded off, 
in order that the choke or contraction in the 
case may be effected more easily ^ the diam- 
eter of this former must be the same as that 
of the nipple, or suppose the diameter of the 
mould be divided into eight equal parts 
(which is done on one part of the scale), 
then the diameter of the former must be 
equal to five of these parts. 

The length of this former, or roller, is 
not particular, provided it be long enough 
to admit of good hand-hold in the rolling of 
the cases ; the short part of the former, a, 
may be two diameters in length, and should 
have a line, b, marked round it in the mid- 
dle, or one diameter from the end ; the longer part may 
be seven or eight diameters, which will give good hand- 
hold in the rolling. 

figs. 13 and 14 are drifts used in loading the cases, 
which must he bored lengthwise to fit on to the spin- 
dle. 

Fig. 18. The first drift should be bored the whole 
length of the spindle, the second should be bored one and 
a half diameter ; when the case is loaded and rammed 
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above the spindle^ a short solid drift must be used^ and 

these drifts should be a little less than the former^ to 

prevent injury to the inside of ihe cartridgei when 

Fig. la. Fig. 14. 



driving in the charge. They should be made of some 
hard wood, and their extremities secured by ferrels of 
brass, or any other metal, which will keep them 
from splitting or extending : their lengths are of 
little consequence, provided they do not much exceed 
the relative depths of the case | for, as the workmen say, 
the longer the drift the less will be the pressure on the 
composition by the blow given by the mallet. 

The proportion between the l^igth of rockets and 
their caliber, is not the same in rockets of greater or 
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less dimensions than those giyen above^ but should vary 
nearly as their magnitude } that is to say, their length 
should be diminished as their caliber is increased. The 
length of the mould for small rockets should be six 
times the caliber, but for rockets of the mean and 
larger size, it will be sufficient if the length of the 
mould be five times, or even four times that of the 
caliber. 

The following is a table computed to regulate the 
height and diaTneter of the mould according to the 
weight of the rockets, when they are driven solid, or 
without the use of a spindle. It is extracted from an 
old treatise on fireworks by Lieutenant Robert Jones, 
and inserted for the assistance of those who may wish 
to construct rockets without the spindle, a practice not 
recommended to those for whom this work is designed. 
To those who manufacture fireworks for sale, it is cer- 
tainly the most expeditious metjiod to ram them solid, 
and with the machine to bore or pierce them afterwards ; 
but to those who make rockets for their own private 
recreation, it is by far the most eligible to load them 
over a spindle, for by the other method it will require a 
very expensive apparatus,* and at first more skill to use 
it than the tyro will possess, and at last he will never 
be certain that he has made a good article. 

* Fig. 15 represents an apparatus for boring rockets when 
driven solid. Should this method be attempted, it is one of 
the simplest kind that can be used, a, b, are two movable 
blocks hollowed out at their edges to receive the rocket o, d, 
are two screws in each, going through the sides of the frame 
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TABLE I. 








of Sodati. 




Weiglitof 


Length of the moulds Intetior diametor H^hts of 


lookets. 


-withoat their foot 


ofthenoolda. 


the nipples. 


6a>*, 


34.7tneAe>. 


i.bmehM. 


l.binchf. 


4 do. 


81.6 do. 


2.9 do. 


1.4 do. 


2 do. 


18.8 do. ~ 


2.1 do. 


1.0 do. 


Ido. 


12.2 do. 


1.7 do. 


0.86 do. 


8os». 


10.12 do. 


1.8 do. 


0.6 do. 


4 do. 


7.75 do. 


1.12 do. 


0.5 do. 


2 do. 


6.2 do. 


0.9 do. 


0.45 do. 


Ido. 


4.9 do. 


0.7 do. 


0.33 do. 


ido. 


3.7 do. 


0.55 do. 


0.25 do. 


Qdrs. 


8.5 do. 


0.5 do. 


0.22 do. 


4 do. 


2.2 do. 


0.3 do. 


0.2 do. 



Fig. 15. 




to make tiiem fast, s, is a brace canning a 
shell-bit, in dimensions proper for the rocket. 
Fig. 16, is a similar bit fixed in a handle ; which 
is useful in cleaning out the bore when the rocket 
is taken from the blocks. 

8* 



Fig. 16. 
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By this table it will be seen that a gix-pound rocket 
rammed solid, must be thirty-four inches seren-tenths 
in length ; its external diameter three inches five-tenths, 
or three and a half inches, and the height of the nipple 
one inch and a half. The diameter of the nipple in this 
and all other cases, must be equal to that of the former^ 
and in regard to its height it answers best when the cavity 
which it formed at the mouth of the rocket is hetni- 
spherical, or ^qual in height to half its diameter. 

The following table shows the method of finding the 
caliber of rockets according to their weight, which is 
computed by the principles already given j that is, a 
pound rocket is such that its aperture will just admit a 
bullet of a pound weight, and so of the rest. 

TABLE II. 

Of the Caliber of Rockets of a Pound Weight and 

below. 



16 ouncet. 


19* Unet* 


14 dram*. 


7i lines. 


12 do. 


17 do. 


12 do. 


7 do. 


8 do. 


15 do. 


10 do. 


61 do. 


7 do: 


14i do. 


8 do. 


6i do. 


6 do. 


141 do. 


6 do. 


5} do. 


5 do. 


13 do.' 


4 do. 


4J do. 


4 do. 


12J do. 


2 do. 


3i do. 


3 do. 


llj do. 






2 do. 


9i do. 






1 do. 


6} do. 







* A line is the twelfth part of an inch, or 144th part of n 
foot. Geometricians conceive the line, notwithstanding its 
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The use of this table will be easily understood ] for, 
as in the first instance, if a rocket of sixteen ounces 
ought to be nineteen and a half lines in diameter, one 
of twelve must be seventeen lines, one of eight ounces 
fifteen lines, one of eight drams six and a quarter lines; 
and so of the others. 

If the diameter of the rocket be given, it will be as 
^*sy> ^y tlio reverse method, to find the weight of the 
ball corresponding to that caliber. For example, if the 
diameter be fifteen lines, it will be immediately seen, by 
seeking for tbat number in the column of lines, that it 
answers to a ball of eight ounces. 

As the foregoing table extends only to rockets of 
sixteen ounces, or one pound, and from that downwards, 
the following will be found equally useful for those of 
superior dimensions. 

smallnesB, to be subdiyided into six points. The numbers in 
the table might haye been given in lines and points, but it was 
thought the fractional numbers would be as well understood. 
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TABLE m. 






fOie 


Caliber of Movldsfrom 1 to 57 Pounds Batt. 


Dnds. 


Caliber. 


Pounds. 


CaUber. 


Pounds. 


Caliber. 


1 


100 


20 


271 


39 


339 


2 


126 


21 


275 


40 


341 


3 


144 


22 


282 


41 


844 


4 


168 


23 


284 


42 


847 


5 


171 


24 


288 


43 


350 


6 


181 


25 


292 


44 


353 


7 


191 


26 


296 


45 


355 


8 


200 


27 


300 


46 


358 


9 


208 


28 


304 


47 


861 


10 


215 


29 


307 


48 


363 


11 


222 


80 


310 


• 49 


366 


12 


228 


31 


314 


50 


368 


13 


235 


32 


317 


51 


371 


14 


241 


33 


320 


52 


873 


15 


247 


84 


823 


53 


376 


16 


252 


35 


326 


54 


378 


17 


257 


36 


330 


56 


380 


18 


262 


37 


833 


66 


382 


19 


267 


38 


336 


67 


885 



By this table, the weight of the ball being given, the 
size of the mould may be found after the following man- 
ner. Suppose it to be 18 pounds ; opposite to it, in the 
column of calibers, is 262 ; then say by the rule of pro- 
portion, as 100 is to 19}, so is 262 to a fourth term^ 
viz., 51.09, which is the number of lines of the caliber 
required : therefore, the caliber of a rocket of eighteen 
pounds, will be fifty-two lines nearly, or four inches and 
four lines. The caliber m^y be also found by multi- 
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plying the number answering to the pounds by 191; &nd 
cutting off from the product the two last figures ; thus 
suppose the number be 252; which multiply by 19}, the 
product 4914 separated by the decimal point will give 
4^.14; or four inches a line and one-eighth. 

Now suppose the caliber be given in lines, the weight 
of the ball may be found with equal ease, e. g. if the 
caliber given be 36 lines, then as 19} : 100 : : 36 : 
184; the nearest number in the table to this is 181, 
which ^shows that the weight of the ball will be rather 
more than six pounds; therefore a rocket, the caliber 
of which is thirty-six lines, is a rocket of a six pouhd 
ball. 

Remarks on the foregoing Tables^ 

Table I. gives the dimensions of rocket-moulds when 
the rockets are rammed solid; it was calculated, as its 
author states, frort repeated experiments; it is inserted 
for the information of the reader, but the method of 
solid ramming is not recommended for practice. 

Table II. — This table may be perfectly understood 
by the explanation given of its use, and frmn consider- 
ing that a lead bullet of a pound weight, is just nineteen 
and a half lines in diameter, as may be provedTby ex- 
periment ; the inferior numbers are likewise the diame- 
ters of the inferior weights. 

Table III. — ^This table is only an extension of the lat- 
ter, although its arrangement is somewhat different ; for 
if nineteen and a half, the diameter of a ball weighing 
one pound, be assumed as unity with any number of 
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ciphers, answering to the number of parts which the 
same diameter is divided into (which may be dene by 
means of the diagonal scaie); let this number be 100, 
whieh answers to one in the column of pounds : that 
is to say, if 100 be assumed tor the first number, and 
it be raised to a 'third power,* the first cube will be 
1,000,000, the cube root of which (being 100) must be 
plaoed in the table as the first root, and answering to 
unity in the column of pounds : then for the second 
number, which is two pounds, the cube root of d<5uble 
that number must be extracted, viz. 2,000,000, which 
will be 126 nearly (or continued to more places 1^259,* 
921), and this will be the second number in the table ; 
and in the same manner will the third number be found, 
that is, by trebling the first cube and extracting the 
root as before, which will be 144, and so of the fifth, 
sixth, &c., to the end of the table. These tables are 
indispensable in the making of rockets, in order to pre- 
serve uniformity in rockets of the same Mnd, and to 
render more certain their effects, as has been corrobor- 
ated by repeated experiments. 

JPrqHiring the Ccuei. — Eor this purpose large stiff 
paper of a particular kind is to be used ; namely, that 
which is known by the name of cartridge-paper. For 
cases from the smallest size, up to four poun^, this is 
the best material that can be em^oyed ; it must be 

* Euelid 12, 18. Spheres are to each other as the cubes of 
their diameter, this is the principle employed in the construc- 
tion of the table ; but the method is oonyerse, being that of 
extracting the roots. 
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wrapped round the fanaer ' (whofle proportion to the ^ 
mould has already been given), till it fits tight into the 
cjUnder, and the last fold secured by means of common 
paste. If some thin paste is used throughout the roll- 
ing, the cases will be much improved. 

For rockets of a larger size, the cases must be made 
of some stronger material, such as pasteboard, of the 
thin and inferior kind, the folds of which must be well 
secured with some strong paste or glue. In making 
the cases a pattern of the outer fold, with one end 
sloped off, should be preserved for each sisse, and on it 
marked the number of sheets or folds requisite to make 
that size case. This method will help to insure a regu- 
larity in the make and formation of the cases. 

T?ie general Method of Ctzse-making, — ^The paper 
being cut to the necessary size for the case required, lay 
it on a table, and with a brass former take one turn 
very tight round the paper, paste it thinly all over, and 
roll it up with what is termed a rolling board (a piece 
of deal about two feet long and nine inches wide with a 
handle in the centre), until it is of the required size. 
It is now to receive the contraction, or as it is generally 
termed, the choke; which is effected by the simple ap- 
paratus represented by Fig. 17. Let the former aod 
small end-piece be now joined by means of their con- 
necting wire, and let the short piece be thrust into the 
case as far as the line b, marked round it for the pur- 
pose ; then pass the cord once round the case, exactly 
over the juncture of the formers, and at first press 
gently with the foot on the treadle, and keep rolling the 
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,caae on the line, which will cause the choke to be free 
from wrinkles and other inequalities. A small piece of 
wood (termed a nipple) is placed in the end of the for- 

Fig. 17. 




mer, of the nze required, which for rocket-cases is one- 
third the interior diameter, sod /or Jixed cases one-sixth. 

Gases of small dimensions may be easily contraoted 
after the above manner, but when of larger size, they 
will present more resistance to the choking cord than it 
will be able to overcome : this difficulty may be obviated, 
by moistening with water the end of the case, and 
choking it previous to the envelop of the last sheet ; 
which may then be put on, and again choked, and the 
contraction well ^ secured by twine, or strong waxed 
thread, which must be passed several times round the 
case, and afterwards secured by two or three running 
knots made one above another. 

The case (still remaining on the former), is now to 
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be inserted into the cylindrical mould without its 
foot, and set upon some solid block, and the former 
driven hard upon its end-piece, so as to make the con- 
traction smooth and close; after which the case is to be 
cut to its proper length, so as to rise a little above the 
mould, and allowing half a diameter from the choke 
to the edge of the mouth. The cutting the case to ita 
proper length will be best effected while on the former, 
wbich> when done, the former is to be pulled out, and 
the case being put again into the m^ould, having the foot 
and spindle properly fixed to it, must be driven down 
upon the spindle with the long perforated drifts, so as 
to make the jsontraction of the proper size. 

Fitting and rammitig the Cases. — In this part of the 
operation, as much care must be taken as in any of the 
past ; for if the least inequality exist in the density of 
the composition, produced by inattention to the ramming, 
the rockets will not rise with an uniform motion, nor 
ascend to their proper height ; but on the contrary, will 
observe a very erratic motion, and be deflected by every 
renitent particle they may meet with in their course. 

To avoid this disappointment, and to render more 
certain the ascent of the rockets, the following directions 
must be attended to : — 

1. The composition must not be too dry, or it will be 
liable to disperse, and fly about in a kind of subtile 
meal, or dust, while driving it ; but if moistened a little, 
just to destroy its 4nsty nature, with some of the liquid 
mentioned in the early part of this work, it will cause 
9 
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it to collect, and be more solidly oompreosed in the case 
of the rocket. 

2. No m<Hre of the composition should be pat into the 
ease at each ramming, than will canae it to rise oHe-balf 
of its interior diameter; and the filling mnst be thus 
gradually continued, till the charge rises exactly one 
diameter above the spindle. 

8* Mneh has been said by writers on Pyrotechny re- 
iq>ecting the number of blows proper to be given to the 
drift, to each ladlefiil of composition (a piece of copper 
mada into the form of a scoop, and holding the proper 
quantity answers bedt for a ladle); some have assigned 
to rockets of four ounces sixteen strokes with the mallet, 
to those of one pound twenty-eight strokes, and so in^ 
creadng the number of strokes by six, to every pound; 
but these rujies are more minute than useful; for the 
game mallet^ by possessing a different momentum, might 
produce an effect, at one time double, trd>k, or perhaps 
less, than at another. It is therefore impossible to assign 
any determinate number of strokes, to be given at each 
ramming*; the only certain rule is, that the composition 
ought to be driven till it becomes quite firm and com- 
pact, and that its density (as near as possible) be the 
same throughout the whole of the charge. If it be 
thought that the rules for the number of strokes assist 
in any way to impart this property to the charge, they 
can of course be resorted to. 

4. In ramming, it is best to keep the drift constantly 
turning round in thte ease ; and in using the perforated 
drift, be sure to knock out the composition from the 



BOOKBTfl. 99 

boUoWi every ramming, or it will be liable to be split by 
the Bpiadle. 

5. Invert the case at the dose of each ramming, in 
order that the loose particles of the oomposition which 
are not compressed may escape, for if snffered to remain 
in they would prove injorions. 

6. Eockets should always be rammed on a solid block, 
or on a post set fiist into the earth; their ramming can- 
not be properly effected on any table whatever, 

7. Bockets must be rammed with mallets somewhat 
proportionate to their magnitude ; that is, if a rocket of 
one pound can be properly rammed with a mallet 
weighing two pounds, a rocket of two pounds should be 
rammed with a mallet of four pounds, or n0arly in that 
proportion. Rockets, above eight pounds cannot well be 
riammed by hand; but when wanted of such magnitude 
they must be rammed by misans of a machine similar to 
that used for driving piles into the earth, and familiarly 
called a monkey. Rockets of large dimensions, whose 
cases are made of strong material, properly prepared, 
may be conveniently rammed without being plaoed in a 
cylinder, which will be an advantage, as so many 
moulds will not be required. But for this method of 
ramming some hrcfM or iron nipples, of the size pro- 
portionate to the rocket should be used, which should be 
made to sorew into one part of the driving block; and 
for the purpose of making the case more firm upon it 
while ramming, a stake or upright piece must be made 
firm to the block, standing up the height of the ease, 
and at a suitable distance from the nipple : the side of 
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this stake next the case must be fluted out so that the 
case will fit closely into it. On the opposite side of the 
case must be applied a loose piece, fluted in a similar 
manner; then with a cord tie the case ^nd two half moulds 
(which these two pieces will nearly form) together, and 
the case will be ready for filling. The cases being 
filled to the proper height, i. e., one diameter above the 
spindle, if the rocket is to be without furniture, sepa- 
rate with a wire of any kind, half the folds of the paper 
which remain above, and having turned them back on 
the composition, press them down with the rod and 
mallet in order to make them smooth and even. Then 
pierce three or four holes in the folded paper by means 
of a spindle, which must be made to penetrate to the 
composition of the rocket. These holes are for the 
purpose of forming a communication between the body 
of the rocket and the vacuity at the extremity of the 
carriage, as it is called, or that part which has been left 
empty. In small rockets l^is vacuity is filled with 
granulated powder (which serves to let them off when 
their charge is consumed);^ they are then covered with 
paper, and either pinched quite close by means of the 
choking apparatus,, or crowned with a little conical cap, 
which will cause them to ascend to a greater height. If 
one hole only is made in the centre of the folded paper, 
it will answer the purpose of three or four, taking care 
that it be as straight as possible, and about one-fourth 
the diameter of the caliber of the case; in this hole a 
little of the composition of tiie rocket should be put, 
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tliat the fire may not fail to be oommimicated : p|g ^g^ 
a rocket finished after this maniier is r^re- y^ 
sented in Fig, 18. In rockets of krger dimen- 
idons instead of granulated powder, the coffins, 
or pot contaising the stars, sejpents, petards, 
&c. are adapted to the top of the case. The 
petard is a small round box of tin-plate united 
to the diameter bi the case, and filled with fine 
gunpowder; it is deposited on the composition 
after the ramming, and the remaining paper 
folded down over it to keep it secure; the petard 
produces its effect when the rocket-is in the air 
and the composition is consumed. The other 
furniture is attached to the rocket by adjusting 
to its head an empty pot or case of larger 
dimensions than itself, in order that it may 
contain the various appendages, which are to 
render it so superior to the others, in the 
beauty and splendor of its emication. 

Preparing and fixing the pots to the heads of 
rochets. — Koclets which have furniture attached 
to them, are rammed somewhat different to 
those which are without any appendages, but the dif- 
ference is only in this particular; when ramn^ed one 
diameter above the spindle, instead of turning down 
the inner folds of the paper upon the composition, 
ram on to the composition, one-third diameter of pure 
dry clay, and through the centre of it bore a hole 
(about one-fourth diameter) and put into it a little 
9* 
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of the composition, in order that the charge maj 
communicate with the powder, &c., in the head. 

The head of a rocket nmst be about two diameters 
high, and one diameter one-sixth wide. The case must 
be rolled upon a former, haying, at the end opposite the 
handle, a square indent, corresponding in thickness and 
width of the collar, as is represented in Fig. 19. Fig. 
20 is the collar, turned out of lime-tree, poplar, or any 



Fig. 19. 



Fig. 20. 





light wood ; its exterior diameter must be equal to the 
interior diameter of the case, or the same as the former, 
and its interior diameter, not quite so wide as the inte- 
rior diameter of the rocket case ; in thickness it should 
be equal to one-sixth diameter, and round its edge should 
be a groove, so that the case for the head maybe firmly 
fixed to it. To form the case, three or four rounds of 
paper or pasteboard must be rolled round the former 
with the cellar on, and well secured by paste ; the end 
over the collar is tp be pinched, by means of the cord 
and choking apparatus, into the groove in its edge, and 
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afterwards secured by some twine tied closely around it. 
The purpose of l^e collar is to keep the head in a proper 
form^ to make a bottom for the filling of it, and to make 
it more firm and better connected to the case. When 
the head is thus made, being properly fixed to its collar, 
it is to be made fast, by means of ordinary glue to the 
top end of the rocket, in which operation the reason and 
use of making the interior diameter of the collar less 
than the exterior of the case will plainly i^pear ] it will 
be evident that the case of the rocket will be too large 
for the former, without some alteration, which alteration 
must be made in the following manner : Mark round 
the diameter of the rocket the proper distance from the 
top, or so that the collar is about its thickness above 
the ramming of the case, and take off about three rounds 
of paper, which will leave a shoulder to the case, on 
which the collar may rest, and be made quite secure by 
pasting paper round their joinings beneath. 

The .manner of charging the pot above described 
must be left to the tyro himself, it depending chiefly on 
his taste and wishes, as he may either fill it with ser- 
pents, crackers, saucissons, marroons, stars, sparks, 
showers of fire, or anything to which its capacity is 
adapted ; it will be best, however, to unite several of the 
different articles in one head) that the beauty of the 
exhibition may be increased. 

In the filling of the head, the following directions 
must be observed :--■ 

The paper over the charge of the rocket must be 
pierced, and a little of the same composition shook into 
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the holes ; then arrange in ihe head the different arti« 
cles with which it is to be charged, but take particnkr 
care that the quantity introduced is not heaTier thaii 
the body of the rocket. When the head is loaded, a 
few balls of paper idiould be put round the different ar- 
ticles, so as to keep th^n properly in their places. At 
the top part of each head put a ladleful of mealed 
powder (the ladle used in filling the cases is tneant), 
which jrill be enough to burst the head and disperse 
the stars or whatever it contains. - 

In loading the head with cases of any kind, be sure 
to place their mouths downwards, without any touch* 
paper; the head' may be nearly filled with the articles 
they are loaded with, after which paste on the top of 
them a piece of ordinary paper ', and over this must 
be placed a cone of- the same material, made upon the 
conical former, Fig. 21. To make the caps, describe 
Fig. 21. (with a pair of compasses opened to the 
length of the former) a circle,, which 
being- divided into two equal parts, will 
make two caps ; over which must be pasted 
another similar cap, but of larger dimen- 
sions, to extend below the bottom of the 
inner one; so that, being just clipped a 
little> and applied to the head, it may be 
pasted to it, which will be a sufficient 
fastening. 

The last business in the manufaeturing of a rocket is 
that of fixing it to its rod, which shall.now be described ; 
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as much nieety being required in it as in anj'of the 
past operations. 

The rod should be made of a clean piece of fir, per- 
fectly straight, and its dimensions regulated by the size 
of the rocket, in such manner that, when suspended on 
the edge of a knife or wire, about an inch from the choke, 
the rod and rocket shall be in equilibrium. The follow- 
ing table has been computed for the lengths and pro- 
portions of the rod, and may be relied on :— 



Weight 

of the 

Rockets. 


* Lengtii of the 
Bods. 


Thickness and 
Width at top. 


Square 

at 
Bottom. 


U,. ox. 


FeU. Ineha. 


Itieha. 


Inches, 


6 0* 


14 2 


li by li 


i 


. 5 


13 8 


li - If 


* 


4 


12 9 


li - li 


* 


3 


10 8 


1+ - li 


i 


2 


9 3 


li — 1 


i 


1 


7 10 


f — * 


i 


8 


6 6 


i — f 


i 


4 


5 2 


• 1 - * 


i 


2 


4 1 • 


T%.- i 


fj 


1 


3 5 


i - * 


/j 


i 


2 3 


A - i 


i 


i 


1 10 


i - h 


i 



By the above table, it will be found that a rocket of 
six pounds will require a rod fourteen feet two inches 



* When the rods are of large dimensions, they should be 
bored at the top, and filled with powder, which blows them to 
pieces previous to their return to the earth, and prevents any 
mischief which might happen by their falling otherwise. 
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kmg, wlueh being properly planed to the other dimen- 
sions, it is to be hollowed out on the side next the rocket; 
and on the side opposite, two notches must be made, one 
abont an inch firom the end (the rod going up to the 
under side of the head), and the other opposite the 
choke of the rocket, in order to admit the string with 
which it is tied, and that it may be more firmly attached 
to the rod. Although the foregoing table has been caie- 
fully computed, and that from experiment, yet it will 
not be well to depend entirely upon it, but 
^^' ' rather to produce an equilibrum between the 
rod and rocket (by means of a lighter or 
heavier rod), when suspended as before. It is 
of consequence that this be attended to ; * for 
without a proper equilibrium, the rocket will 
ascend in an oblique direction, and fedl to the 
ground long before its composition is eon- 
sumed. 

In firing these rockets, two fixed rings must 
be screwed fast into an upright post, and ex- 
actly opposite to each other, the upper one 
near the top of the post, and the other about 
two-thirds the length of the rod downwards ; 
the rod must be passed down them, and the 
mouth resting lighdy on the upper one : the 
rocket must be quite free from the post. When 
thus fixed, and a lighted port-fire applied to its 
mouth, it will (if properly made), immediately 
asci^d with a prodigious velocity, and having 
attained its greatest height will there burst and 
discharge its luminous beauties in the atmo- 
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sphere. A rocket with its head and rod complete ie 
represented at Fig. 22. 

For mixing the Oompontion. 

The charcoal, which in commerce is purchased in the 
stick (that made of alder, willow, or dogwood heing 
the host), is to he reduced to a state of powder, hy roll* 
ing an iron: or brass weight over it until reduced to a 
sufficient state to pass through a wire sieve of sixteen 
meshes to an inch, the saltpetre beitag reduced by heat 
to a state of pulverization, and the sulphur by sublima-^ 
tion, a process here unnecessary to explain, those in- 
gredients being sold at most chemists ready for use. 

The saltpetre and sulphur are first separately passed 
through a fine hair-sieve, and then well mixed together 
with the hands; afterwards passed three times through 
the same sieve; the charcoal is then to be thinly spread 
over the mixing-table and the other ingredients sifted 
over it, and then passed altogether through the wire- 
sieve. 

Proportions <\f Oompontion, 

1. For one and two ounce rockets, the ingredients 
for a proper composition should be: One pound of 
gunpowder, two ounces of soft charcoal, and one ounce 
and a half of saltpetre. 

2. Two to three ounce rockets: To four ounces of 
gunpowder add one ounce of charcoal, or to nine ounces 
of powder add two ounces of saltpetre. 

3. Four ounce rockets: To one pound of gunpowder 
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add four ounces of saltpetre and one ounce of charcoal. 
The composition will be much stronger if in this propor- 
tion : To ten ounces of powder add three ounces and 
a half of saltpetre and three ounces of charcoal. 

4. Five or six ounce rockets : Gunpowder two pounds 
five ounces, saltpetre half a pound, sulphur two ounces, 
charcoal six ounces, and iron filings two ounces. 

5. Seyen or eight ounce rockets: Gunpowder seven- 
teen ounces, saltpetre four ounces, sulphur three ounces. 

6. Eight to ten ounce rockets: Gunpowder two 
pounds five ounces, saltpetre eight ounces, sulphur two 
ounces, charcoal seven ounces, iron filings three ounces. 

7. Ten or twelve ounce rockets: Gunpowder one 
pound one ounce, saltpetre four ounces, sulphur three 
and a half ounces, charcoal one ouuce. 

8. Twelve to fourteen ounce rockets: Gunpowder 
two pounds four ounces, saltpetre nine ounces, sulphur 
three ounces, charcoal five ounces, iron filings three 
ounces. 

9. One pound rockets: Gunpowder one pound, char- 
coal three ounces, sulphur one ounce. 

10. Two pound rockets : Gunpowder one pound four 
ounces, saltpetre two ounces, charcoal three ounces, 
sulphur one ounce, iron filings two ounces. 

/ 11. Three pound rockets: Gunpowder four ounces, 
saltpetre one pound, sulphur eight and a half ounces, 
charcoal two ounces. 

12. Four pound rockets : G-unpowder half a pound, 
saltpetre fifteen pounds, sulphur two pounds, charcoal 
six pounds. 
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For rockets of the largest size : To eight poands of 
saltpetre add twenty ounces of sulphur and forty-four 
ounces of charcoal. 

The ends of rockets (next the head) have a ladleful 
of day driven on the top of the composition; it is 
prepared by drying and grinding, taking great care that 
it is perfectly free from any grit. 

It will be well to describe some of the various modifi- 
cations which rockets are susceptible of in their exhi- 
bitions; in which it will be endeavored to blend the 
most prominent features : to attempt to give the whole, 
would annihilate the purpose of the woik ; indeed, it is 
impossible to set limits to the field of variety which 
here opens itself; a few of the most particular only will 
therefore be described, and the rest left to the tyro, 
which will afford him a pleasing source of amusement, 
and furnish excellent matter for the exercise" of his 
ingenuity. 

1. To cause a Rocket to ascend in a Spiral Form. 

The rod of a rocket has been compared to the rudder 
of a ship or the tail of a bird ; the purpose of which is 
to make the ship or bird turn towards that side to which 
it is inclined; a straight rod, as experience proves, 
caiises a rocket to ascend in a straight line, because 
the centre of gravity lays in, or is parallel to, the centre 
line of the rod ; but if a crooked rod be applied, or one 
that forms part of a circle, this will not be the case, for 
the first effect will be to make the rocket incline towards 
that side to which it is bent ; but the. centre of gravity 
10 



110 pyrotechnist's companion. 

bringing it afterwards into a vertical position, the result 
will be that the rocket will ascend in a spiral form. 

Eockets exhibited in this way, evidently displace a 
greater volume of air, therefore, as a consequence, they 
cannot ascend so high as those that are impelled in 
a straight direction; but, nevertheless, their peculiar 
flight will produce a very pleasing effect. 
2. Towering Rockets, 

So called f^om their ascending tor a greater height 
than any others. This is effected by fixing one rocket 
on the top of another of superior dimensions : Thus, 
suppose the lower one to be a twelve ounce, then the 
upper one should be a three ounce rocket; the larger 
one must have a small head formed round its own diam- 
eter, and the mouth of the smaller one placed in it; the 
mouth should be rubbed with mealed powder wetted with 
spirits of wine ; the bore in the charge should not be 
filled, but have inserted in it a bit of quickmateh, the 
other end of which should enter the perforations at the 
top of the greater rocket, which will form a communica- 
tion between them. The large rocket must be filled 
only half a diameter above the spindle; if filled higher, 
it will begin to descend before the upper has taken fire, 
and produce no additional effect. 

The force by which the small rocket goes off, will 
be sufficient to disengage it from the other, without the 
use of powder to effect it. One round of paper pasted 
round the juncture of the two rockets will be sufficient 
to connect them together. In regard to the rods for 
towering rockets, the same principles are to be applied 
as for the others. 
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3. Honorary Rockets. 

Take about a pound rocket of our first description, 
such as is represented in Fig. 18, p. 101; then on the 
case, close to the top of the rod, tie on, in a transverse 
direction, a two-ounee case, which should be filled with 
a strong charge, and choked quite close at both ends ; 
then towards each end, and in the reverse sides, bore a 
hole of moderate size, and from each carry a leader into 
the top of the large rocket. When the rocket attains 
Its greatest height, it communicates fire to the cross one 
At top; from the holes being made in a transverse 
direction, it will turn round very fast, and represent in 
its return to the ground, a spiral of descending fire. 
There are several other methods ^of adjusting the small 
case ; one consists in letting the rod rise about an inch, 
or scHa[iewhat more, above the top of the rocket, and 
tying the case to it, so as to rest on the rocket; when 
adjusted after this manner, the rockets should be with- 
out their conical cap* 

4. Caduceus* Rockets, 

If two rockets be fixed obliquely on the opposite sides 

^ So called from their resemblance (when in action) to the 
rod borne by Merjonry ; which, according to farbnloiiB history 
was entwisted by two serpents, as the sign and quality of his 
office, which was given him for his seyen-stringed harp. — The 
term (or Caduce) was also used among the Romans, and applied 
to the staflF or wand of a similar form, carried by those officers 
who went to proclaim peace with any people with whom they 
had been at yariance. 



112 



pyrotechnist's companion. 



Fig. 23. 




of a rod, they will form in their flight two spiral lines ; 
they must exactly balance each other on the opposite 
side of the rod, or they will not rise in. a vertical direc- 
tion. Both ends of the rockets mnst be choked close^ 
without either head or bounce, for a weight attached to 
them would obstruct their ascent. 
The rod prop^ for these rockets 
should be square, and at the top 
equal to the breadth of a rod for a 
common single rocket, of ihe same 
weight as those intended to be 
used, and long enough to be in 
equilibrium, when suspended one 
length of the rocket from the cross- 
piece A, Fig. 23, whose length 
should be equal to about seven 
diameters of the rodket, and placed 
about six diameters from the top 
of the large rod, so that when fixed 
they will form, with the perpen- 
diculars, an angle of about fifly- 
five or sixty degrees. 

The heads of the rockets should 
be pl&Ded on the opposite sides of 
the cross-piece, and their ends on the same of the large 
rod; then their mouths must be connected by a leader, 
which, when they are fired, must be burned through the 
middle, and then they will exert their ascending forces 
at the same time. 



ROCKETS. 113 

5. Signal Rockets, 

These are of two kinds, namely, those which hare 
reports and those which have not. The first kind may 
be made somewhat longer in proportion than ordinary, 
by about one or two diameters, and on their charge 
must be driven a greater quantity of clay than usual ; 
afterwards their bounce, choke, and cap may be effected 
after the manner before described. 

When of the second kind, their cases and rods must 
be made very light; in other respects they are similar 
to the cpmnK>n sky*rocket when without any appendages. 

Both the first and latter kind are frequently fired in 
groups of six, eight, ten, &c. ; and considered as signals 
for the e:^bition of pieces of greater magnitude. 

When several of these are properly fixed to one rod, 
and fired together, they form in their flight a most 
beautiful appearance; for> being so connected, their emis- 
sions will uuite, and ionn. a tail of stupendous magni- 
tude, and the bursting of so many heads at onee, will 
produce a grand explosion, not unlike (though less pro- 
ductive of injury) the bursting of a balloon in the atmo- 
sphere. When rockets- are arranged in this manner, 
particular care must be observed in their filling and 
ramming, as well as in their exact uniformity of weight, 
else success is precarious. The rod also must be of pro- 
per dimensions, the length oi the rods (according to the 
table) for eight-ounce rockets, which is the best size for 
this purpose, is six feet six inches; then, if four or 
six of these be fixed on one rod, the length of it must be 
10* 
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about ten feet ; in its circumference at top must be 
made as many grooves bs there are to be rockets, and of 
length to correspond. The rod must be sufficiently 
large at top to admit the rockets lying close in the 
grooves without pressing each other too tight 

The rockets must be firmly attached to the rod, or 
they will be liable by their ascending force to disengage 
themselves from it; but to prevent this, the best method 
of fixing them is to let the rod run about two inches 
above the rockets, which will be sufficient to form a 
shoulder or stop to each rocket, the groove being dis- 
continued such a distance from the end; when this is 
done, a little binding round the whole will make it all 
quite &st. The upper part of the rod may be rounded 
off in the form of a cone^ or, which will be much better, 
a cap may be pasted over the whole, which (f^om their 
meeting with less resistance) will cause them to ascend 
to a greater height. The rocket being properly fixed, a 
quickmatch is to be carried from one mouth to the 
other, which, being burnt in the middle, will communi- 
cate immediately to the whole:' 

When fired, they must be suspended through the 
rings, as taught in the early part of this article. 

6* Table Rockets. 

This is a simple application of rockets to the spokes 
of a wheel ; to which when fixed they form the felloe. 

Their effect (when fired) in the ordinary manner is 
merely that of revolving on a fixed centre, till their 
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ooiaposiiion is consamed; and by their revolutions rep- 
resenting a vertical or an horizontal circle of fire. 

The spokes must be firmly fixed into a block of wood, 
of lengths, and at a distance firom each other, snitable 
to the lengths of the cases employed. The cases should 
be those of twelve or sixteen ounces; and filled with the 
composition given at Nos. 8 or 9, p. 12^: they must be 
carefully rammed. 

When the ends of the rockets are fixed to the spokes, 
which should be notched out proper to receive them and 
for the purpose of making them more secure, then in 
the side of each case (outward from the wheel), bore a 
hole of common dimensions near the clay ; these holes 
should be made in an oblique direction towards the 
charge, and in and from each must be carried a piece of 
quickmatch to the centre of the wheel, where they must 
be tied together and lighted. At the centre of the 
wheel may be fixed a similar or larger case, which being 
lighted at the same time, will add much to the exhibi- 
tion. 

The centre of the wheel is frequently fitted to a block 
*of wood, and fired upon a table, when it forms an hor- 
izontal wheel; otherwise it revolves on an axis fixed to 
.a post, and in this case a vertical wheel is represented ; 
the centre case may be applied to either. 

7. Serous for Rockets, 
These form a pleasing appendage to the heads of 
rockets that are of considerable magnitude. 

They are made in cases about four inches in length, 
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and their interior diameter abont three-eighths of an inch; 
both ends must be pinched quite close, one before and 
the other after they are filled; then in the reverse sides 
make a smaU vent-hole to the composition, and prime 
them with mealed powder wetted with spirits of wine. 

The heads of rockets may be partly or wholly filled 
with these cases; when fired they burst quick from their 
confinement and form a beautiful spiral descent. 

The composition may be that of serpents, or the bril- 
liant fire; when either are used it should be prepared 
strong. 

8. Courantine^ ot Line Rockets. 

Among the various modes of exhibiting rockets, none 
are more pleasing than the present. 

Rockets proper for this purpose are those of about 
half, and three-quarter pounds; they are made after 
the manner of sky-rockets of the common kind. Any 
number from one to eight or ten may be used; but five 
or six will be found to answer best. According to the 
number of cases used, the courantines are said to be of 
so many changes. When one, two, or three are only ^ 
used, they may conveniently be fixed to a small empty 
case (of the same length), made on a wire former, a 
little larger than the fine on which it is to run, and of 
considerable substance; but when more than this number 
are to be used, or a greater change is to be produced, a 
small perforated cylinder must be procured, of dimen- 
sions suitable to the purpose; this cylinder should be of 

* From the French term, courant, Bignifying running. 
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some light wood, sncli as fine deal, or willow; the per- 
forations must be made exactly through the centre 
lengthwise. In the same direction, on its circum- 
ference, are to be made as many grooves as there are 
rockets to be employed ; in which they must be well 
secured by tying the whole with a string. 

The diameter of this cylinder should be such that, 
when laid into the groove, the cases may nearly touch 
each other. 

The rockets being all prepared (and their apertures 
or mouths besprinkled a little with mealed powder and 
spirits of wine), they are to be laid into the groove, and 
in such a manner that the head or mouth of the second 
lies at the sam6 end of the cylinder as the tail of the 
first; the head of the third the same as the tail of the 
second; and so on with all the others: they must all be 
bound tight round with string. 

Being thus fixed to the cylinder, from the tail of the 
first rocket carry a leader to the mouth of the second; 
from the tail of the second, to the mouth of the third; 
and so with the whole number, taking care to fix every 
leader quite secure; and at the same time that the 
quickmatch does not enter but a very little way into 
the bore of the rockets, or it will be liable to fire the 
charge or composition, and thereby destroy all the 
arrangements. 

The runner being now ready for action, a line is to be 
fixed in an horizontal direction between two posts, or 
other convenient objects, whose distance from each other 
(for half>pound rockets) should be about one hundred 
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yards long; this line shoald be of some strong twine, 
or (which will answer mnch better) slnall brass or iron 
wire, stretched quite tight between its supports; remem- 
bering to put on the runner before fastening both ends. 
Then (the mouth being next the end of the line) fire the 
first rocket, which by its force will carry the whole to 
the end of the line, or nearly. It will be best to have 
th^ line too long rather than too short, for if the latter 
is the case, it will of course make a stand at its extre- 
mity, till the remainder of the charge is consumed, 
which does not look well. But if on the contfary 
the line is a little too long there will be no such stop- 
page, not even during the communication of the fire to 
the next rocket, for the force acquired in its first flight 
will be sufficient to continue it till such communication 
is effiBcted; after which it will return in the same man- 
ner to the other extremity, and back again in the same 
order, and so on to the end of the charges arranged on 
the cylinder. 

It is a pleasing exhibition of this kind of fireworks, 
to arrange them in such manner that when arrived at the 
extremity of the line, they may communicate fire to 
some other piece, properly arranged at the end of the 
line, which in this case should not be so long as before, 
that the runner may rest a moment before it returns, 
the better to insure the communication. 

To render the runners naore agreeable, they are made 
(of light wood or tin) in the form of different animals, 
such as serpents, dragons. Mercuries, ships, Ac. When 
thus arranged they are very entertaining, especially 
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-when filled with various compositions^ such as golden 
rain, fires of different colors, serpents, port-fires, &c. 

The dragons may be made to discharge serpents from 
their mouths, and two of them arranged on one line, so 
as to meet each other in the middle, and there appear 
to contend, till the second case takes fire, when they 
will run back to the extremity of the line, and then 
return again with great yiolence, and produce much 
amusement both to the operator and ^ectator. 

In the same manner two ships may be represented to 
contend, and (by filling them well with serpents) be 
made to pour their broad-sides at each other : or, if they 
are placed on two separate lines, at a small distance 
from each other, they may be caused to pass each other 
in opposite directions ; in both cases they will produce 
a very pleasing appearance. 

When the represented animals are made to meet in 
the middle, the line should be of much greater length, 
or they will rush together with too great a force. 

9. Revolving Courantines. 
These, while they fiy along the line in a straight 
direction, are, by a simple application of another rocket, 
caused to revolve, or turn round at the same time. This 
rotatory motion is easily effected, by fixing to the cases 
another rocket, which must be placed in a transversal 
direction ; the aperture of which^ instead of being at the 
bottom, like those on the cylinder, must be made in the 
side, near one of the ends. This transversal rocket must 
be filled with a very slow charge, or it will be consumed 
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long before those upon the cylinder; when several 
changes in the runners are intended, two should be 
fixed in the transversal direction; their diameters should 
be small, in proportion to their lengths. 

The cottfantines may be made to revolve by other 
means equally simple and effective. Prepare and fill a 
case the same as those for Catherine wheels, and wind 
and tie it nicely round the courantine; this, when 
lighted with the first case, will cause it to revolve in a 
very pleasing manner. 

When the courantines do not revolve, they may be 
made to carry on the uppei: side a jet of fire, or any 
other ornament which the operator may devise ; taking 
care to suspend, by means of wire, a small weight to 
the under side, whicl^ will keep it always in an erect 
position. 

10. To represent hy Rockets varioits Forms in the Air. 

To the large case, or head, of about a two pound 
rocket, place round several small ones of about two or 
three ounces, the rods of which must be made quite fast 
to the head^ and parallel to the rod of the larger ; then^ 
if these be set on fire while the large one is ascending, 
they will represent in a very pleasing manner, a tree, 
the trunk of which will be the large rocket, and the 
smaller ones the branches. 

If, by means of >leader8, the small rockets are caused 
to take fire when the large one is about half burned in 
the air, they will represent the form of a comet; and 
when the large one begins to descend in an inverted 
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position^ the small ones will represent a kind of fiery 
fountain. 

If the barrels of some small tubes, or quills, filled 
with the composition of flying rockets, be placed on a 
large one, they will, when fire is communicated to them, 
represent a beautiful shower of fire. 

If a number of small seipents be attached to the rocket 
with a piece of packthread, by the ends that do not 
catch fire, and if the packthread be suffered to hang 
down two or three inches between every two, this 
arrangement, when properly managed, will produce a 
variety pf agreeable and amusing figures. 

II. To cause a Rocket to form an Arc in rising. 
Gut some, circles, about three ox four inches diameter, 
out of some tin, or other thin plate ; then to the rod of 
each rocket, and about twice the length of the case from 
its mouth, fix one of these pieces of tin, nearly at right 
angles from the rod, and make it quite fast by a bracket 
underneath. The fire acting upon this, as it proceeds 
from the mouth of the rocket, will divide the tail in 
such a manner that it will cause it to proceed in a <Hr* 
cular course, and form a very pleasing appearance. 

12. To fire Rockets without Rods, 
Rockets may be made to rise in the air without rods, 
but in the place of rods they must have attached to 
them 'four triangular pasteboard wings, fixed lengthwise 
on the external of the case, similar to those attached to 
arrows or darts. The length of these wings i^ould be 
11 
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ftbont three-foartbs th« length of the rocket; their 
breadth at bottom should be half their lengthy and ta- 
pered off to ikothing at the top. The rocket maj be set 
over a hole in a board, and fired from the under side ; or 
the four wings maj rest on four iron pins, six or eight 
Inches in length, drove into a board at i^iitable distances 
from each other^ and the rocket fired from between 
them. 

Though the greatest eare be etnployed in the exhibi- 
tion of rockets after this manner, still, their ascent is by 
far less certain than when a rod is used ; therefore the 
tyro must not be disappointed if he chaiice to &al of 
success. 

Theory of ike Flight of Rockets. 

A rocket, being properly constructed, With its rod and 
other appendages attached, fixed in a vertical position, 
and fire being applied to its vent, it will' (as experience 
proves) ascend in the air with a prodigious velocity ; 
but upon inquiry into the cause of this ascent, difficul- 
ties are met with little contemplated when viewing the 
beautiful path it described in the medium of its flight. 

That this ascent is dependent on the medium (or air) 
in which it is generated, admits not of a doubt ; but to 
describe how, or in what manner it is efiected, has en- 
gaged the attention of some of the most eminent phi- 
losophers. In consequence, several theories have been 
advanced for the explication of the phenomena, and 
among them those of Mariotte and Desagnliers have 
claimed the most particular attention. 
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Mariotte ftttribtttes the rise {^.rockets to the resiat- 
ancSj or reaction of the air ai^ainst the gas, which i^ 
generated by the cotmbttstion of the coinposition. 

This hypothesis seems to explain the phenomena ; but 
great objections have been broaght against it, on account 
of the difficulty which attends the reduction of it to 
mathematical investigations. This difficulty arises from 
the law, which the ]Mropelling force must necessarily ob- 
serve ; ihAt is, it will decrease as the velocity increases^ 
in consequence of the partial vacuum left behind the 
rocket in its^ flight; so that, the velocity becomes as it 
were both a dcUum and quaatitum ; and the correct so* 
lution of the problem necessarily involves the integra- 
tion of partial differences of the highest order. 

The hypothesis of Desaguliers is somewhat different 
to the foregoing ; it is much more fumiliar with mathe- 
matical investigations, as it reduces the whole theory to 
the most simple iixm ; and it is not far from being con- 
scmant with the known priueiples of the phenomena, 
notwithstanding the argument brought against it by Dr. 
Bees and his editors. 

Dr. Desaguliers illustrates his hypothesis in the fol- 
lowing manner. Conceive the rocket to have no vent at 
the choke^ and to be set on fire in the conical bore; the 
consequence would be, either that the rocket would burst 
in the weakest place, or that, if all parts were equally 
strong, and able to sustain the impulse of the flame, the 
rocket would bum out immovable. Now, as the force 
of the flame is equable, suppose its action downwajrdsi 
or that upwards, sufficient to lift forty pounds; as these 
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forces are equal, Imt their directioiiB oontrary, they will 
destroy each other's action. 

Ima^ne then the rocket opened at the yent ; by^ this 
means the action of the flame downwards is taken away, 
and there remains a force eqnal to forty ponnds acting 
upwards, to carry up the rocket, and the stick or rod it 
is tied to. 

Accordingly, if the composition of the rocket be very 
weak, so as not to give an impulse greats than the 
weight of the rocket and stick, it does not rise at all; or 
if the compodtion be slow, so that a smidl part of it 
only kindles at first, the rocket will not rise. 

The late Doctor Button's philosophy, on the ascent 
of rockets, is, that at the moment when the powder 
begins to inflame, its expansion produces a torrent of 
elastic fluid, which acts in every direction; that is, 
against the air which escapes from the case, and against 
the upper part of the rocket; but the resistance of the 
air is more considerable than the weight of the rocket, 
on account of the extreme rapidity with which the elastic 
fluid issues through the neck of the rocket to throw itself 
downwards, and therefore the rocket ascends by the 
excess of one of these forces over the other. 

This, however, would not be the case, unless the 
rocket was pierced to a certain depth. A sufficient 
quantity of elastic fluid would not be produced; for the 
composition would inflame only in circular coats, of a 
diameter equal to that of the rocket; and experience 
shows that this is not -sufficient. Recourse then is had 
to the very ingenious idea of piercing the rocket in a 
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oenieal hole^ wMck makes the eomposition burn in 
conical strata, which have much greater sor&oe, and 
prodaoe a mueh greater quantity of inflamed matter and 
fluid. This expedient was certainly not the work of a 
moment. 

The stidc serres to keep it perpendicular ; for if the 
rocket should begin to tumble, moving round a point in 
the vent, as being the common centre of gravity of 
rocket and stick, there would be so much friction against 
the air by the stick, between the centre and the point, 
and the point would beat against the air with so much 
velocity, that the reaction of the medium would re- 
store it to its perpendicularity. When the compo- 
sition is burnt out, and the impulse upwards has 
ceased, the common centre of gravity is brought lower 
towards the middle of the stick ; by which means the 
.velocity of the point of the stick is decreased, and that 
at the point of the rocket is increased; so that the whole 
will fall down, with the rocket end foremost. 

During the time ihe rocket bums, the common centre 
of gravity is shifting and getting downwards, and still 
faster and lower as the stick is lighter ; so that it some- 
times begins to tumble before it is quite burnt out: but 
when the stick is too heavy, the common centre of 
gravity will not get so low, but that of the rocket will 
rise straight, though not so fast.. 

From the experiments of Mr. Robins, and other 

gentlemen, it was found that the rockets of two, three, 

or four inches diameter, rise the highest; and they are 

found to rise to all heights in the air, from 400 to 1254 

11* 
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yards, wbich is about ihree-qnarters of mile. For fur- 
ther particalars respecting tbe theory of the flight of 
rockets, see Bobins's TraetSf rol. ii.; PhUotophux^ 
TransacHoMy vol. xlvi, page 578; and more partictdarly 
Mr. W. Mocht's TretUue an the Motion of Rockets^ 
in which the subject will be found very elegantly treated. 
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SECTION VII. 
TABLES OF VARIOUS COMPOSITIONS. 

1. Serpents. 
Mealed powder one ponnd, saltpetre one onnce and 
three qnarters, charcoal one ounce. 

2. Pin-WheeU. 
Mealed powder twelve ounces^ saltpetre three oanoes, 
sulphur one ounce and a half, steel-filings two ounces. 

8. Common Stars. 
Saltpetre one pound, sulphur four and a half ounces, 
antimony four ounces, isinglass half an ounce, camphor 
half an ounce, spirits of wine three quarters of an ounce. 

4. White Stars. 
Mealed powder four ounces, saltpetre twelve ounces, 
sulphur six <»unces and a half, oil of spike two ounces, 
ciamphoj five ounces. 

5. Blite Stars, 
Mealed powder eight ounces, saltpetre four ounces, 
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Bulphnr two and a half ounces, isinglass two onnoes, 
spirits of wine two ounces. 

6. Trailed Stars, 
Mealed powder three ounces, saltpetre one ounce, 
sulphur three ounces, charcoal one ounce. 

7. Drove Stars, 
Saltpetre one pound, sulphur eight ounces, antimony 
four ounces. 

8. Pointed Stars, 
Saltpetre eight and a half ounces, sulphur two ounces^ 
antiniony one ounce and three-quarters. 

9. Stars of a Fine Oohr, 
Mealed powder one ounce, saltpetre one ounce, sul- 
phur one ounce, oil of turpentine four drachms, camphor 
four drachms. 

10. Variegate Stars. 
Mealed powder eight drachms, roch-petre four ounces, 
vivum two ounces, camphor two ounces. 

11. Brilliant Stars. 

Mealed powder three quarters of an ounce, saltpetre 
three ounces and a half, sulphur one ounce and a 
half, spirits of wine one ounce and a quarter. 

12. TVa^d Stars. 

Saltpetre four ounces, sulphur six ounces, antimony 
two ounces, rosin four ounces. 
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13. Trailed Stars, with Sparks. 
Mealed powder one oance, saltpetre one onnoe, cam- 
phor two otmces. 

14. Gerhes. 

1. Mealed powder one pound and a half, coarse iron- 
sand five ounces. 

2. Mealed powder two pounds, coarse iron-sand eight 
ounces, saltpetre one pound. 

15. Roman Candles, 
Mealed powder half a pound, saltpetre two pounds 
and a half, sulphur half a pound, glass-dust half a 
pound. 

16. T(mrlyai(yM. 

For four-ounce causes. — Mealed powder one pound two 
ounces, charcoal two ounces And a quarter. 

For eight-ounce cases, — Mealed powder two pounds, 
charcoal four ounces and three quarters. 

17. Showers of Fire. 

Chinese, — ^Mealed powder one pound, sulphur two 
ounces, iron-sand first order five ounces. 

Ancient. — ^Mealed powder one pound, charcoal two 
ounces. 

Brilliant, — Mealed powder one pound, iron-sand first 
order four ounces. 
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18. Golden Rain. 

1. Mealed powder four ounces, saltpetre one pound, 
sulphur four ounces, brass-dust one ounce, sawdust two- 
ounces and a quarter, glass-dust six drachms. 

2. Mealed powder twelyes ounce, saltpetre two ounces, 
charcoal four ounces. 

3. Saltpetre eight ounces, sulphur two ounces, brass- 
dust a quarter of an ounce, antimony three quarters of 
an ounce, sawdust twelve drachms, glass-dust one 
ounce. 

19. fSilver Ram, 

1. Mealed powder two ounces, salpetre four ounces, 
sulphur two ounces, antimony two ounces, sal-prunella 
half an ounce. 

2. Saltpetre half an ounce, sulphur two ounces, char- 
coal four ounces. 

3. Mealed powder two ounces, saltpetre four ounces, 
sulphur one ounce, steel-dujit three quarters of an 
ounce. 

20. Water Rocket$. 

1. Mealed powder three pounds, saltpetre two pounds, 
sulphur one pound and a half, charcoal two pounds and 
a half. 

2. Saltpetre one pound, sulphur foUr pounds and a 
half, charcoal six pounds. 

3. Saltpetre one pound, sulphur four ounces, charooal 
twelve ounces. 
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4. Mealed powder four ounces, saltpetre one pound, 
sulphur eight ounces and a half, charcoal two ounces. 

21. Sinking Charge /or Water Rockets. 
Mealed powder ten ounces, charcoal one ounce. 

22. Water SerpenU. 

1. Mealed powder one pound, charcoal one pound. 

2. Mealed powder one pound, charcoal nine ounces. 

23. Water Balloons. 

'1. Mealed powder two pounds, saltpetre four pounds, 
sulphur two pounds, antimony four ounces, sawdust 
four ounces, glass-dust one ounce and a quarter. 

2. Mealed powder three pounds, saltpetre four pounds 
and a half, sulphur one pound and a half, antimony four 
ounces. 

24. Wheel Cases. 

1. Mealed powder two pounds, saltpetre four ounces, 
steel-filings six ounces. 

2. Mealed poWjier two pounds, saltpetre twelve ounces, 
steel-filings three ounces. 

3. Mealed powder four pounds, saltpetre one pound, 
sulphur eight ounces, eharcoal four ounces and a half. 

4. Mealed powder eight ounces, saltpejfcre four ounces, 
sawdust one ounce and a half, eharcoal one ounce. 

5. Mealed powder twelve ounces, sawdust half an 
ounce, charcoal one ounce. 
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6. Saltpetre one pound nine ounces, sulphur four 
ounces, charcoal four ounces and a half. 

25. Slaw Fire /or Wheels. 

1. Mealed powder one ounce and a half^ sulphur two 
ounces, saltpetre four ounces. 

2. Antimony one ounce six drachms, sulphur one 
ounce, saltpetre four ounces. 

26. A Dead Fire for Wheels. 
Saltpetre one ounce and a half, sulphur a quarter of 
an ounce, antimony two drachms, lapis cakminaris a 
quarter of an ounce. 

27» For Standing or Fixed Cases. 

1. Mealed powder two pounds, saltpetre one pound, 
sulphur half a pound, charcoal half a pound. 

2. Mealed powder one pound, saltpetre half a pound, 
steel-dust four ounces. 

8. Mealed powder ten ounces, charcoal two ounces. 

4. Mealed powder half a pound, sulphur two ounces. 

5. Mealed powder one pound and a half, sawdust 
three quarters of an ounce, charcoal two ounces and a 
half. 

28. For Sun Cases. 

1. Mealed powder two pounds two ounces, saltpetre 
five ounces, sulphuc one ounce, steel-dust twelve ounces. 

2. Mealed powder one pound and a half, saltpetre 
three ounces, steel-dust three ounces and three quarters. 
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29. For Spiral Wheels, 
Mealed powder fourteen ounces, saltpetre one pound 
and a half, sulphur six ounces, glass-dust fourteen 
ounces. 

30. GhUs. 
Saltpetre six ounces, sulphur two pounds, camphor 
two ounces, antimony four ounces. 

31. Serpents far Pots des Brins. 
Mealed powder ten ounces, saltpetre six ounces, 
charcoal one ounce and a half. 

32. Fires of diff^ent Cohrs. 

White Fire, — Gunpowder two parts, steel-filings one 
part : for a pale white add a little camphor. Raspings 
of ivory give a flame of a silver color, somewhat daz- 
zling to the eyes. 

Red /Vr6.— Gunpowder two parts, iron-sand of the 
first order one part. Greek pitch produces a flame some- 
what red, hut more inclined to a bronze color. 

Common black pitch produces a dusky flame like a 
thick smoke, very essential in producing a medium of 
intolerable obscurity. • ' 

Sulphur, mixed in a moderate quantity, makes the 
flame appear of a blue cast. 

Sal-ammoniac and verdigris produce a flame inclined 
to green. 
12 
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Baapings of yellow amber give to the flame a lemon 
color. 

Crude antimonj a kind of russet color. 

33. F(yr JeU of Fire. 

When the inner diameter of the cases is not more 
than six lines the following must be the proportions : — 

Chinese Fire. — ^Mealed powder one pound; saltpetre 
one pound, sulphur eight ounces, charcoal two ounces. 

White Fire. — ^Iron-sand of the first order eight 
ounces, mealed powder eight ounces, saltpetre one pound, 
sulphur three ounces, charcoal three ounces. 

But when their caliber is from eight to twelve lines, 
the following are the proportions : — 

White Fire. — Mealed powder one pound, saltpetre 
one pound, sulphur eight ouncesi, charcoal two ounces. 

Chinese Fire. — Saltpetre one pound four ounces, 
sulphur five ounces, charcoal five ounces, iron-sand of 
the third order twelve ounces. 

Brilliant Fire. — Mealed powder one pound, iron-sand 
five ounces. 

For Jets of larger Dimensions. 
Chinese Fire. — Saltpetre one pound four ounces, 
sulphur seven ounces, charcoal five ounces, and twelve 
ounces of a compound of the six different kinds of 
sand. 

34. Sparkling Composition for choked Cases. 
For Black. — Mealed powder and charcoal. 
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For White, — Saltpetre, sulphur, and orpiment. 

For Gray. — Mealed powder, saltpetre, sulphur, and 
orpiment. 

For Red. — ^Mealed powder, charcoal, and sawdust. 

These may be used in any proportion the practitioner 
may think proper, for a little experience will prove to 
him that various colors of fire may be produced by only 
varying the proportions or order of the ingredients, or 
by rendering them alternately predominant. * The same 
observation will apply to many other cases of a similar 
nature. 



The stars for rockets are prepared by forming the 
composition into a stiff doughy state, and cutting it into 
squares like dies, after which they are dusted (while 
dry) with mealed powder to insure their ignition. 

The following are the most approved receipts for the 
different colors : — 

Purple Start, 

Parts. 

Chlorate of potash 42 

Saltpetre .22 

Sulphur 22} 

Black oxide of copper 10 

Ethiops mineral 2} 
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LUac. 





Paks. 


Stab*. 




PartB. 


Parts. 


Potaah .... 


49 . 


. 60 


Sulphur .... 


25 . 


. 25 


Chalk .... 


. 20 . 


. 22 


Blaek oxide of copper 


6J . 


. S 



Oreen. 

. Pans or Stabs. 
Parts. 

Nitrate of barytes . , . . . 62} 

Sulphur 10} 

Potash 23} 

Orpiment ....>. 1} 

Charcoal ...... 1} ^ 

YeUow, 

Nitrate of soda 74} 

Sulphur . . . . . . 19} 

Charcoal 6 

CriTMon, 





Pans. 


Stabs. 




Parts. 


Parts. 


Chlorate of potash . 


4 


17 


Strontian 


67* 


55 


Charcoal 


5J 


4 


Sulphur 


23 


18 
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Great care is neoessary in the preparation of the 
ingredients for colored fires, that they are perfectly dried, 
otherwise the effect is lost ; a sand-bath being the best 
mode of preparing them. In all cases it is prudent to 
mix only as much at a time as is necessary, and that as 
shortly before use as convenient, spontaneous combustion 
being likely to ^nsue ; and, also, when mixed to be kept 
in a close-stoppered bottle. 



12* 



N 
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SECTION VIII. 

COMPOUND FIREWORKS. 

Compound fireworks are those resulting from the 
combination of the single or more simple kind ; princi- 
pa^y those which have been already described. The 
number and variety of figures, and the modification of 
which they are susceptible, is almost endless, and to 
describe all, or the greater part of them, would far ex- 
ceed the limits of this work. It is therefore considered 
sufficient to select such specimens of siiiiple arrange- 
ment as will form a proper introduction to those which 
are more complex; in which latter case the young pyro* 
technist must be left to his own ingenuity, which will 
readily dictate to him a greater variety than it would be 
possible to describe. . 

1. Girandole^ Chests of Serpents, 
The first combination which would naturally suggest 
itself to the uninformed, is that of a number of serpents 
so arranged as to take fire all at the same time, and in 
the end to burst and make a loud report. 

* A French term, signifying a clitsier. 
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This combination is a nest of serpents. The case or 
box contadning them must be made of strong paste- 
board; in dimensions equal to the number to be inserted. 
The piece which forms the top must be perforated in as 
many places^ answering to the number of serpents in- 
tended to be fired ; the j need not be &r from each other. 
At the bottom of the box must be put a little mealed 
powder for the mouths of the serpents to rest upon, 
which latter must be rubbed with a little wet mealed 
powder, in order that they may take fire immediately. 
To communicate fire to the powder at the bottom of the 
box, one of the serpent cases must be filled with a slow 
composition, left open at the top, and inserted about the 
middle of the box. This case being lighted, it will burn 
for a short time, or till it reaches the bottom, when a 
sudden noise will be heard, and all the serpents will be 
thrown in various directions into the air. 

This mode of firing serpents, though puerile in its 
contrivance, and simple in its production, generally 
affords much amusement to the spectators; which pro- 
ceeds principally from the variety of directions given to 
the serpents ; a consequence of their being placed some- 
what carelessly in the box, and being ejected at different 
angles from the same plane. 

2. Crircmdole Chests of RockeU. 

These chests should be made of some thin boards, m 

dimensions proportionate to the number of rockets. The 

rockets best adapted are those of from two to six ounces. 

The depth of the box should b^ somewhat more than 
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the length of the rockets with their gtieks. The top 
(being perforated properly to receive the sticks) must 
be fixed at right angles in the chesty and as far from 
the top of it as the length of the rocket caseS; including 
the cap, if such are used. The distance between each 
rocket must be such that they may stand without touch- 
ing each other. From one hole to another must be cut 
a groove, sufficiently deep to receive a pi^ce of quick* 
match; which must be laid from hole to hole in like 
manner. Below the top, at about two-thirds the length 
of the rods, must be fixed the bottom, perforated in the 
same manner, save in the size of the holes, which will 
be somewhat less owing to the dimensions of the rods. 
The match being laid as above, take some sky-rockets, 
and having put a piece of the same match up the cavity 
of each, left extending a little below the HH)uth of the 
rocket, which latter should be rubbed a little with mealed 
powder, wetted with some liquid before given. The 
rockets and chest being thus ready, put the rod through 
the holes in ^he top and bottom of the chests, in such 
manner that their, mouths may just rest on the quick* 
match in th0 grooves, by which all the rockets will be 
fired at the same time; by lighting any part of the 
match, it will tjommunicate to the whole of them in an 
instant. For convenience in placing the rod through 
the lower holes, a small door should be made in one side 
of the chest ; without this it will be difficult to get the 
rods in their right places. 

Previous to the exhibition of these flights of rockets, 
they should be covered over, or set in some safe place, 
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or they will be in danger of being set on fire by sparks 
from other works. 

3. Pots dee Brine, 

These are large paper cylinders, filled with powder, 
stars, sparks, &c. They are generally nuule of paste- 
board, and about four diameters long; they should be 
choked at one end like common cases. They are gene- 
rally exhibited in numbers, fixed on a plank of some 
kind, in the following manner : On the under side of the 
plank, make as many grooves as it is intended to have 
rows of pots, then at a little distance from each other, 
and exactly over the grooves, fix as many pegs, about 
three-fourths or one diameter high ; then through the 
centre of each peg bore a hole down to the groove at 
bottom, and on every peg fix and glue a pot, the mouth 
of which must fit tight on the peg j then through all the 
boles run a quiokmatch, (me end of which must go into 
the pot, and the other into the groove, which must have 
a match laid in it from end to end, and covered with 
paper, so that when lighted at one end it may discharge 
the whole almost instantaneously. In each pot put 
about one ounce of mealed and corn powder; then in some 
put stars, and in others rain, snakes, serpents, crackers, 
sparks, &c. When they are loaded, secure their mouths 
by putting paper over each. 

When firi&d in considerable numbers, these Pots des 
Brins, from their afFordmg so great a variety of fires, 
produce a most pleasing exhibition. 
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4. Jets of Fire, 

These are a kind of fixed rocket, the effect of which 
is to throw up into the air jets of fire, similar in some 
respects to those produced by water. If a number of 
such rockets be placed horizontally on the same line, it 
may be easily seen that the fire they emit will nearly 
resemble a sheet of water, arranging itself in the form 
of a cascade. When the rockets are arranged in a cir< 
cular form, like the radii and periphery of a circle, they 
form what is termed z, fixed sun. 

To procure these jets of fire, the case for brilliant 
fires must in thickness be equal to a fourth part of the 
diameter, and for Chinese fires only a sixth part of the 
same. 

The case must be loaded on a nipple, having a point 
equal in length to the same diameter, and in thickness 
equal to a fourth part of it; but from the effect of the 
fire, the mouth generally becomes larger than is requi- 
site ; this may be prerented, by charging the case after 
the manner of the Chinese, who fill it to a height equal 
to a fourth part of the diameter with clay; this must be 
rammed down as if it were gunpowder. 

When the charge is completed with the composition 
made choice pf, the case must be closed with a tompioa 
of wood, above which it must be choked. 

The train or match must be of the same composition 
as that employed for loading ; otherwise the dilatation 
of the air, contained in the hole made by the spindle, 
would cause the jet to burst. 
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Clayed rockets may be pierced with two holes near 
the neck^ in order to have three jets on the same plane. 
If a kind of top^ pierced with a number of holes, be 
added to them, they will nearly imitate a babbling foan* 
tain. 

Jets intended to represent sheets of fire, ought not to 
be choked. They must be placed in a horizontal posi- 
tion, or inclined a little upwards or downwards. 

K to the top of the case be attached a tin cylindrical 
cap, terminating in a flat, long, narrow mouth (similar 
to those attached to garden watering-pots), the stream 
of fire will be very much Extended, and the beauty of 
the exhibition increased. The composition for this 
article is given in the table, section 7. 

5. Chinese Fountain. 

Provide a pece of dry wood, about six or seven feet 
long, and about two and a half inches square ; at the 
distance of sixteen inches from the top of this piece 
(supposing it to be seven feet long, and -fixed perpen- 
dicular), must be fixed a shelf, sixteen inches long, and 
in width about two and a half inches, and in thickness 
about three-quarters. Below this shelf must be fixed 
three or four other shelves of the same width and thick- 
ness, but in length increasing eight inches successively 
as they go towards the bottom. They must be fixed 
the same distance from each other as the first one from 
the top. 

Now on the top of the post, insert (into a hole of 
proper dimensions) a gerbe, or fire-pump; on the firat 
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shelf insert after the same manner two gerbes, on the 
second three^ on the third four, on the fourth five^ and 
on the bottom shelf six : they must be so placed, that 
the next above stand exactly over the middle of the in- 
tervals of those below. The gerbes should be placed so 
that their mouths incline a little forwards ; if this be not 

rig 24. 




done, the stars thrown out of the eases will strike 
against the shelf above, and produce but little of that 
effect, which, when properly arranged, renders them so 
beautiful. 

A proper connection must be formed with your lead- 
ers, between the different cases; beginning at the top, 
and carrying it downward to every one of them. The 
top one is to be lighted first. 
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The pyramid, or fountain comfdete, is represented in 
Fig. 24. 

6. I)/ramid of Fhwer-Pots* 

In general constnietion, this article is exactly similar 
to the one just described ; but in place of gerbes or fire- 
pnmps, it is loaded with mortars, filled with serpents, 
crackers, kc., and having in the centre of each a case 
filled with spar-fire. The mortars should be made of 
pasteboard, wound two or three times round a cylinder 
about four inches diameter, and well secured by glue, by 
uriiich means their bottoms and tops are fixed to them. 

The spur-fire, which is the chief ornament of these 
pieces, is prepared as follows: It has been said that 
excellence can never be obtained without overcoming 
commensurate difficulties; this is certainly verified in 
the preparation of this composition, for nothing can 
exceed the difficulty and trouble of preparing it, and 
nothing can exceed the beauty of its appearance tDhen 
properly prepared. It is said to be the invention of 
the Chinese, and it is certainly the most beautiful and 
curious of any yet known. 

The principal care in the preparation, is, to have the 
ingredients of the very best quality; next to that, is 
the well grinding and mixing them together. 

The proportion of the ingredients is sali{>etre four 
pounds and a half, sulphur two pounds, and lampblack 
"one pound eight ounces. One great difficulty is in the 
mixing these ingredients together; it is best to sift the 
saltpetre and sulphur together first, and then put them 
13 
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into a marble mortar, and the lampblack with them, 
which must be worked down by degrees with a wooden 
pestle, till all the ingredients appear of one color, which 
will be somewhat grayish, but more inclined to black } 
when this is done drive a little into a «ase for trial, and 
fire it in a dark place ; if sparks come out in the form 
of start or pinks, and in clusters, spreading well without 
any other sparks, it may be considered good : if it appear 
drossy, and the stars not full, it is not mixed enough ; 
but if the pinks are yery small, and soon break, it is 
indicative of an excess of rubbing; if the excess is great, 
it will be too £erce, and hardly show any stars : on the 
other hand, if the rubbing or mixture is defective, it 
will be too weak, aad produce nothing but an obscure 
or black smoke. 

ThiB composition is generally riammed in one or two 
ounce cases, about five or six inches long ', care must be 
taken not to ram it toe hard. The' ^)erture at the 
^oke should not be so wide as is usually given to other 
choked cases. 

It is somewhat remarkable, that the compositioa 
should be improved by being kept in the cases ; but it 
is found that they idways play better, if suffered to 
stand a time after they are filled. 

In preparing the pyramid of flower-potS;^ the cases of 
spur-fire are to be placed in the middle of the mortars, 
and be connected by leaders, so that they may all be 
fired together. The cases will first play off in a very 
pretty manner ; and when exhausted, the fire from them 
communicates to the powder at the bottom of the 
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mortars, and this stiddenlj taking fire, all blov up 
simultaneously, and scatter their luminous fragments in 
the air; the serpents hiss, the crackers bounce, and the 
illuminated stars iy in all directions, producing con- 
siderable . amusement and surprise, and forming an 
excellent oonclusion to a small exhibition. 

This beautiful composition is also susceptible of other 
representations, many of which may, without the least 
danger, be exhibited within a room, as well as in the 
open air j it is really of so innocent a nature, that it may 
be (though improperly) called a cold fire; for it is 
found that when well made, the sparks will not bum a 
handkerchief when held in the midst of them; they may 
be held in the hand with perfect safety; if the sparks 
fall a short distance upon the hand, you may feel them 
like drops of rain. 

A pretty e^ibition may be produced by placing a 
number of spur-fires round a transparent pyramid of 
paper, and fired in a room, or in the open air. In all 
cases, and every variety of exhibition, this fire is very 
beautiful, and will always repay the labor of prepara- 
tion. 

7. Wheeh. 
A great variety of forms may be given to this kind 
of fireworks. They are so called because* they are gen- 
erally made in the shape of wheels, with a nave and 
spokes radiating from the centre ; on the extremities of 
the latter are adjusted charged cases, of the rocket kind, 
without heads; in such nianner that the tail of one » 



148 ptbotbchhibt's cjompanion. 

eonnected with the head of another, hj which method 
they will take jQre snccesBively, and keep up a continued 
revolution of the apparatus to which they are fized. 

These wheels are either Tertical or horizontal, single 
or double. A single vertical or horizontal may be 
made after the manner described in Art. 6, Eockets, p. 
108. 

8. A Single Horizonicd 

May be rendered more pleasing by the following 
arrangement of the rocket. Provide a wheel, with 
nave, spindle, and spokes as before; and for the fells 
a broad cooper's hoop of proper dimensions, nailed on 
to the end of the spokes, will answer very well. The 
wheel being thus prepared, the cases must be attached 
firmly to it, by means of strong packthread, loops pass- 
ing through the circumference; and in such manner 
that their heads and tails, as tkey succeed eack other, 
may alternately incline upwards and downwards, and 
likewise, when fiixed^ come very near together. 

This being done, from the tail oi one case to the 
mouth of the next following carry a leader, and well 
secure it by pasting paper round both the joinings : 
within this pasted paper should be put a little mealed 
powder, which will serve to blow off the paper, and 
leave no obstruction to the fire from the cases. To the 
spindle on which the wheel revolves, fix a ease of the 
same kind as those on the wheel; which must be fired 
by a leader from the mouth of the last case on the 
wheel, which case should play downwards. The wheel 
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will be much improved, if instead of a common case 
in the middle, a case of Chinese fire be fixed, in length 
sufficient to bum as long as three cases on the wheel. 
In all the cases (except the first one), on each wheel, 
should be driven a ladleful or two of slow fire, in any 
part of the case : in the end of one or two alternate cases 
ram a ladleful of dead fire composition, which must 
be very lightly rammed ; many other changes in the 
appearance may be produced by alternately ramming in 
composition of different orders. 

Horizontal wheels are frequently fired two or three 

/' ' Fig. 25. 




at a time J and being prepared after the same manner, 
will keep time with each other : when thus arranged, 
the slow or dead fire is omitted. These wheels may be 
made from ten to twenty inches diameter. 

A horizontal wheel^ with the cases fixed^, is repre- 
sented in Fig. 25. 

9. Fiural Wheeh. 
So called from their being several of them fixed on 
the same axis; they are generally horizontal, and in 
13* 
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number three. The diameter of the middle wheel may 
be a little less than the other two* 

The eases must be fixed to the ends of the spokes in 
notches cut on purpose, or there may be half cylinders 
of tin nailed to the ends of the spokes, and the cases 
tied in them. The bottom case^ should play obliquely 
upwards ; the middle set horizontally ; and the upper 
cases obliquely downwards. The leaders must be ar- 
ranged so that the cases may bum first up, then down, 
then horizontal, through the whole sets. By driving 
in the end of the last case two or three ladlesful of 
slow fire, it will cause it to bum till the whe^ has 
stopped its course ; and if the other cases are fixed in 
the contrary way, the wheel will then revolve in a con- 
trary direction, and have a pleasing appearance. For 
the case at top of the axis, a gerbe may be well em- 
ployed ; the case on the ^kes should be filled with a 
strong brilliant charge. 

10. Spired Wheels. 
These in their principal constmction differ but little 
from the foregoing ; the following are the principal dif- 
ferences : He nave should be about seven inches long } 
instead of a spindled at top, make a hole for the case to 
be fixed in ; in the nave must be fixed two sets of spokes 
near the top and bottom ; the spokes should not be more 
than about three inches long ; the cases must be placed 
in such a manner, that those at tc^ play downwards, and 
those 9tt bottom, play upwards, but the third or fourth 
case must play horizontally. The case in the middle 
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may begin with any of the others ] six spokes will be 
sufficient for each set, by which the wheel may contain 
twelve , cases, besides the top one : the cases should be 
about seven inches in length. 

11. lUuminated Spiral WJteeh. 

Provide a horizontal wheel with circular fells com- 
plete, which should be about two feet six inches diame- 
ter ; on its circumference, and at equal distances from 
each other, fix three pieces of light deal about fi^ur feet 
long, and at top connect them to a cylindrical block 
about three inches diameter ; this block must be perpen- 
dicular to that of the wheel below. The wheel being 
thus far advanoed, have a thin flexible lath or hoop, and 
having nailed one end to the bottom of one of the up- 
right pieces, proceed to wind it round the three uprights 
in a spiral line from the wheel to the top block, to 
which the other end must be made fast ; on the top of 
the block fix a case of Chinese fire ; on the wheel you 
may place any number of cases, which should incline 
downwards, and burn two at a time. If the wheel has 
ten cases, the illuminations and Chinese fire may begin 
with the second case. 

The axis for this wheel must pass through the bottom 
nave, and into the block at top. 

This wheel may be easily wrought into a double 
spiral wheel, by winding round.it another lath in an op- 
posite direction, and clothing it in a similar manner. 
At the top of either may be placed a case of spur-fire. 
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or amber light^ or &ny other article the pyrotechnist may 
think proper. 

. 12. BaMo(m Wheels. 
These are horizontal wheels, generally made of solid 
one-inch elm board, about two feet six inches diameter. 
On the top arrange and fix in pots, three inches diame- 
ter and about six inches high, in number .equal to the 
cases on the wheel : near the bottom of each pot make 
a small vent, into each of which carry a leader from the 
tail of each ease. The pots may be loaded with stars, 
crackers, serpents, &c. As the wheels turn, the pots 
will be successively fired, and caused to throw into the 
air a great variety of fires, which, taking numerous and 
various directions) will present a pleasing eaddbition. 

13. Ghrmnd Wheels. 
These are of a very simple eontrivance. Provide two 
light wheels, in diameter from two to thr^ or four feet; 
they must be fixed firmly to a square axletree, or in such 
manner that they cannot revolve on it; the axle may be 
about three feet in length. Then on the middle of this 
axle, is to be firmly fixed a fire^wheel, which must be so 
much less in diameter, that when the cases are attached 
to it, it may be quite clear of the ground; care must 
be taken that this middle wheel be fixed at ri^t angles 
from the axle, or it will not keep in a straight direction 
when set in motion. Now the first case being fired, it 
is evident that motion will be given to >the fire-wheel, 
and this being fixed firmly to the axle of the others, 
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the eonsequence that follows will be to give absolute* 
motion to the whole apparatus; which, if placed on level 
ground, will proceed to a distance proportionate to the 
number and strength of the cases employed. < 

By attaching a second j^et of cases, so arranged as to 
take fire when the first set are consumed, the wheel 
(running upon level ground) will return to the same 
place from which it received its primary impulse. 

This kind of wheels, when constructed with care, 
affords a very pleasing recreation. It may be readily 
seen, that many other ornamental pieces of less magni- 
tude may be attached to the same axle: a good level 
school-ground is favorable for the exhibition of this 
article. 

14. Horizontal changed to a Vertical Wheel, 
The wheel for this should be about ihree feet six 
inches in diameter. On its circumference fix sixteen 
half-pound cases filled with brilliant charge, two of which 
should bum at a time. On each end of the nave, must 
be a tube or barrel of tin or brass, in diameter some- 
thing less than that of the nave, and in height about 
six inches ; this is the construction of the wheel. The 
stand to wh^eh it is to be fixed is as follows : set a post 
of any kind of wood, about four indies square, firmly 
into the ground, standing up about five feet^ then from 

* AbsoluU motion is the change of absolute space or place 
of bodies, as the motion of a prqfectUe, th^ flight of" a bird, or 
the motion of our own apparatus. 
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the top saw off about two feet, which piece must be 
joined again at the place where it was cut, with a strong 
hinge on one side, in such a manner that it may lift up 
and down in front of the stand ; on the top of the bot- 
tom part, the side on which the movable part falls, fix 
a very strong bracket projecting about a foot from the 
post; and at the extremity of this form a tenon, corre- 
sponding to a mortise made in the movable part, so that 
when it falls it may be firmly fixed to it; this particular 
most be attended to, or the force with which the wheel 
revolves when vertical, will be liable to pull off the 
hinge. On the side of the short post opposite the 
hinge, nail a piece of wood, extending about eighteen 
inches down the bottom part of the post, to which it 
must be tied wittf a piece of string only; this will be 
sufficient to keep the short part perpendicular; in the 
top of the latter, fix a spindle, ten or twelve inches long} 
on this spindle put a wheel; l^en fix on a brilliant sun 
with a single glory, the diameter of which must be about 
six inches less than that of the wheel. The wheel being 
ready to fire, light the wheel part first, and let it run 
horizontally till four cases are consumed, then from the 
end of the fourth case carry a leader into the tin bar- 
rel that turns over the end of the sfcand ; this leader 
must be met by another brought through the top of the 
post, from a case filled with a strong port-fire charge, 
and tied to the bottom post, with its mouth directed 
towards the string which holds up the upper part of the 
post, so that when this case is lighted, it will bum the 
string and let the wheel fall downward, by which means 
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\ it will become vertical ; then from the last case of the 
wheel carry a leader into the barrel next the sun, which 
will exhibit its beauties immediately the wheel has 



The sudden change of this piece renders it very 
surprising and pleasing to the observei:s of it, and enti- 
tles it to great attention. 

15. Vertical ScroU Wh§el. 

A wheel of this kind may be made of any diameter. 

The nave may be of moderate size, and to it fix four or 

six spotes, at right angles to each other, and united to 

the fell or circumference; round the latter fix any num- 

Fig. 26. 




ber of charged cases : on the front of the spokes form, 
with some strong iron wire, a scroll, or volute, in dimen- 
sions proportionate to the wheel, beginning at the centre; 
on this scroll tie cases of brilliant fire^ which should 
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not be too large, and placed head to tail, as in oth^ 
similar arrangements. The case nearest the circum- 
ference most be fired first, which being farthest from 
the centre has most power to set the wheel in motion. 
The charged cases may be before, at the same time, or 
after the scroll. 

This wheel may be wrought into one far m(»re orna- 
mental and complex. A double scroll might be formed 
on the spokes, as well as a double set of charged cases 
on the circumference; a pot of some kind at the centre 
would readily suggest itself. 

Hemarks on Wheels, 

In all articles of the wheel kind, the tyro must 
observe to increase the strength of his composition for 
cases, as his wheels increase in diameter; for a rocket 
proper for a twenty-four inch wheel will not do well 
for one that is much larger. - 

The following rule aa to this, particular may serve in 
many cases: divide the diameter of the wheels, taken 
in inches, into three parts, and it will ^ve the length 
of the cases, and generally within one^ the number it 
will require to go round it» Thus suppose the wheel is 
twenty-four inches diameter, divide by 3; j equals 8, 
which is about the length of the cases : and 7 : 22 : : 
24 : 628 which divided «^» «75.3 and V =10 equal 
10, the number of eight-inch cases it will take to go 
round the circumference. 

This is not given as a particular but as a general rule. 
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or one that will assist a little in the arrangement of 
these articles. 

16. To r^esent the Fir- Tree. 
Provide a post six or seven feet long and three inches 
square; then on the far side, at nine inches from the 
top, fix in four short pegs to fit the inside of the cases; 
nine inches from these fix similar pegs; nine inches 
lower fix others similar to the last; and from these, the 
same distance, fix other pegs; all these four sets must 
incline upwards ; helow them, at the same distance, must 
be fixed another set inclining downwards; the angles of 
inclination in all may bjB about forty-five degrees from the 
upright post. At the top of the post place a four-inch 
mortar loaded with star^, rains, crackers, &c. In the 
middle of this mortar place a case with any sort of 
chargS fired with the others, which should be filled with 
a brilliant charge. The tree may be made of any size, 
and the other ornaments made use of as suits the 
operator. 

17. YeuD'Tree of brilliant Fire. 
Provide a piece of wood about four feet long, two 
inches wide, and one thick ; at top, on the flat side, fix 
a hoop about fourteen inches diameter; and round its 
edge and front place illuminations, and in the centre a 
five-pointed star ; then on each side, at iibout eighteen 
inches from the edge of the hoop, place two twelve-inch 
cases of brilliant fire; below which place two more 
cases of the same size, and at such a distance that their 
14 
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mouths may almost meet tbem at top; then close to the 
ends of these fix two more of the same cases^ which 
must stand psoallel to the others. The cases being thus 
fixed, the leaders must be applied in such a manner that 
the illuminations and stars at top may all take fire at the 
same time. Fig. 27 represents the arrangement of the 
artide. 

Fig. 2T. 




18. MxedtHre Globes. 

These articles are divided into two kinds, one with 
projected cases, the other when the cases are conoealed. 

For a globe with concealed cases, provide a q^haioai 
globe of any diameter ; divide the surface in fourteen 
equal parts, and at each division bore a hole perpendi- 
cular to the tsentre : in e^cry hole except one (which 
must be' reserved for the spindle, on which it must be 
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fixed) insert a case filled with brilliant or any other 
charge ; the mouths of the cases mnst he even with the 
surface of the globe ; from the mouths of the several 
cases must be cut a groove^ and ia it laid a leader, for 
the purpose of firing them altogether. The globe must 
be covered over with paper, and painted in what man- 
ner the tyro thinks proper. When dry, it is to be fixed 
upon the spindle^ and it is ready for exhibition. 

For 'projected Case9, — ^The preparation is nearly the 
same ; the difference being only to let each ease project 
from the globe about half or two-thirds of its length ; 
their mouths ai^ to be connected by leaders for the same 
purpose as before, and exhibited ia the same manner. 



19. Glcfbet v^ich leap or roU on the Ground, 
Construct a hollow wooden globe of any dimensions 
at pleasure *, it must be very round, both internal and 
external ; its thickness must be equal to about the ninth 
part of its diameter. In this globe insert a small 
wooden cylinder (a, Fig. 28) in breadth equal about one- 
A Fig. 28. 
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fifth diameter of the globe^ its thickness about half that 
of ditto ; of the same size and opposite to this cylinder 
must be another aperture. It is through this latter 
aperture that fire isi^ommunicated to the globe, when it 
has been filled with proper composition through the 
lower end of it ; and by which there is the convenience 
of filling, and of putting, as is generally done, a petard 
or report of metal, filled with good grain powder over 
the inside of ike aperture ; besides this petard four or 
^ye others of a similar nature, only they need not be in 
metallic cases, are to be inserted ; they must be loaded 
with good grain powder filled to their orifices. The 
composition for filling the remaining cavity of the globe 
is — one pound of bruised gunpowder, six pounds of 
saltpetre, three pounds of sulphur, two pounds of iron- 
filidgs, and half a pound of Greek pitch. This compo- 
sition will not require much grinding or sifting ; it will 
be sufficient if the different ingredients be well incor- 
porated. It should not be made up quite dry, but with 
a little of one of the liquids before mentioned. 

A globe prepared as above, on being fired by means 
of a match attached to the orifice A, will leap and bound 
about as it burns, or according to the axscidental explo- 
sion of the petards, which are set on fire by the com- 
position. 

Instead of placing these petards in the inside, they 
may be affixed to the exterior surface of the globe, which 
they will make to roll and leap about as they succes- 
sively take fire. They may be arranged in any manner 
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en the surface of the globe, provided a connection is 
formed between them by means of leaders. 

Many differences in the arrangement and form <^ 
these globes may be made^ and which will readily sag* 
gest themselves to the ingenious practitioner ; such as 
an arrangement of rockets on the inside, laid head and 
tail together ; but in case the globe should be of paper 
or pasteboard, made in two equal hemispheres, and 
joined together by paper, the match must be applied 
through a hole in the globe made opposite the mouth of 
the first rocket ; these rockets should have no petards at 
their tops. It must here be observed that the globes 
must be perforated in various parts, otherwise they will 
burst by the combustion of the TK>mposition. 

When used as water globes, care must be taken to 
seal and plug up the lower aperture i, K, first with a 
tompion, or plug of wood, and afterwards with some 
melted pitch; which latter may be put all over the globe 
in order to preserve it from the water. Over the plug 
at bottom, and previous to the application of the pitch, 
must be melted such a quantity of lead, as will cause 
the globe to sink in water, till nothing but the part A 
will remain above its surface ; this will be the case 
when the weight of the globe and its contents, with the 
lead attached, becomes equal to the weight of an equal 
volume of water. If the globe be then placed in the 
water, the lead, by its superior gravity, will make the 
aperture i, k, tend directly downwards, and keep in a 
perpendicular position the cylinder A, to which fire 
must have been previously applied. 
14* 
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Trial sliould be made respecting the qnantitj of lead 
previous to its being exhibited^ which may be easily 
done. The figures referred to represent a globe under 
various modes of arrangement. 

20. Moon and Seven Stars. 

Provide a circular board about five fe^t diameter; and 
out of the middle cut a piece about fourteen inches di^ 
meter ; then, over the opening, put a piece of white 
Persian silk, on which paint a moon's face ; over the 
whole of the large board draw a seven-pointed star, 
terminating in the circumference ; then, on the lines 
forming the star, bore a number of holes at small dis- 
tances from each other, -wherein fix pointed stars. In 
each of the spaces between the points of this large star 
cut out a five-pointed star, and cover each with oiled 
silk. 

When this is to be exhibited, fix it on a spindle in 
front of a post, with a wheel of brilliant fire behind the 
face of it ; so that while the wheel burns, the moon and 
stars will appear transparent ; and when the wheel has 
ceased burning, they will disappear, and the large star 
in front, formed of the pointed stars, will begin, being 
lighted by a pipe of communication from the last case 
of the vertical wheel behind the ipoon, which must be 
effected as taught in a foregoing article. 

21. Swas Fixed and Movable. 
Among the various amusing articles of pyrotechnic 
produce, none are more beautiful or afford greater remu- 
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neration of pleasure^ than those under the denomination 
of suns. They are of several kinds^ as fixed, movable, 
and transparent; they are all of simple construction. 

Fixed suns after the following manner: Provide a 
nave of wood, and in it fix fourteen or sixteen pieces in 
the form of radii ; and to these radii attach jets of fire, 
the mouths of the jets being towards the circumference. 
A match must be applied, in such a manner that the 
fire communicated at the centre may be conveyed, at the 
same time, to the mouths of each of the jets ; by which 
means each throwing its fire, the d,ppearance will be that 
of a radiating sun; the wheel must be fixed in a vertical 
position. 

The jets may be so arranged as to cross each other in 
an angular manner ; in which case, instead of a sun you 
will have a star, or a sort of cross resembling that of 
Malta. Some of these suns are made also with several 
rows of jets; when they are so arranged they are called 
glories. 

The wheel, or sun, may be caused to revolve by at- 
taching jets to it in the direction of the circumference, 
with their heads and tails together. When the wheel 
is heavy, four of the rockets must be fired together, and 
this in the following manner: Supposing there are twenty 
cases employed, fire must be communicated, at the same 
time, to the first, the {»xth, the eleventh, and the six- 
teenth; from which it will jHroceed to the second, the 
seventh, the twelfth, the seventeenth, and so on. These 
four rockets will make the wheel turn round with rapi- 
dity. 
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If two similar suns, with horizontal axes, are {^aoed 
one behind the other, and made to torn in opposite di> 
rections, the j will produce a very pleasing effect of crosa- 
fire. 

Three or fonr suns arranged on a similar axis, might 
be implanted in a vertical one, movable in the middle 
of a table; which, revolving around it, would se^n to 
pursue each other. Thej must be fixed firm on their 
axis and this axis must turn in the upright one in the 
middle of the table; and the place where they rest on 
the table should be famished with a very movable 
roller. 

For a transparent sun, a prepared face of oiled paper, 
or Persian silk, painted in a prop^ manner, must be 
provided, and strained tight upon a hoop, which must 
be supported by pieces of strong wire, six or seven 
inches from the wheel, so that the light of it may illu- 
minate the face. After ^e same manner may be re- 
presented in the front of a sun the words FaretoeU, 
Vivat Regina, (x Apollo, or any other figure may be 
painted on the silk. 

Sometimes a small hexagonal wheel is fixed to the 
nave of the large wheel, whose oases must be filled with 
the same charge as the other ; two of which must burn 
at a time, and begin with the others. 

For a sun five feei in diameter, the cases should be 
those of eight ounces, filled with composition about ten 
inches. If the wheels are larger, the cases must be 
proportionate to them. 
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22. Composition for representing Animals and 
other Devices in Fire. 

Reduce some sulphur to an impalpable powder, and 
baving with starch formed it into a paste, cover with it 
the figure you intend to represent on fire; the figure 
must be first coated over with day, 4o prevent it from 
being burnt. 

When the figure has been covered with this paste, 
sprinkle it a little, while still moist, with pulverized 
gunpowder; and when the whole is perfectly dry, 
arrange some small matches on the principal parts of it, 
that the fire may be speedily communicated to it on all 
sides. 

• By the same method may be formed festoons, gar- 
lands, and other ornaments, the flowers of which might 
be imitated by fire of different colors, and arranged on 
any plastered architecture. 

AqtMtic Fireworks. 
Though fire and water are of very opposite natures, 
yet there are many fireworks which will bum and 
produce their effect even when immersed in their oppo- 
site element; of these, rockets ar6 the most pleasing. 
They may be made from four ounces to two pounds. 
The cases are made as those for sky-rockets, differing 
only as it regards the thickness of them, which should 
be somewhat greater, and in the manner of filling, which 
latter ig the most particular, requiring a variety of com- 
positions rammed in alternate layers^ for the purpose of 
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making them alternately dive and swim. The composi- 
tions are chiefly' of three kinds, namely, that of sulphur 
two ounces, saltpetre four ounces^ and mealed powder 
one ounce and a half, and about one fourth of an ounce 
of antimony. The second kind, called a sinhmg charge^ 
is compOse4 of eight ounces of mealed powder, and 
three-fourths of an ounce of charcoal. The third, called 
an ordinary chargey composed of mealed powder, salt- 
petre, sulphur, and charcoal, varied as in the following 
proportions: sometimes a small portion of seacoal or 
sawdust is blended with them. 

1. Mealed powder six pounds, saltpetre three pounds, 
charcoal five pounds. 

2. Mealed powder four pounds, saltpetre four pounds, 
sulphur two pounds. 

8. Mealed powder four ounces, saltpetre one pound, 
sulphur eight ounces and a h&lf, charcoal two ounces. 

4. Mealed powder one pound^ saltpetre three pounds, 
sulphur one pound, charcoal nine ounces. 

5. Saltpetre one pound, sulphur four ounces and a 
half, charcoal six ounces. 

In filling, one ladleful of slow-fire is first rammed in 
the case ; then one or two of the sinking charge ; the 
common and the sinking charge are placed alternately 
to within about two diameters of the top. Over the 
last layer is placed one ladleful of dry clay; and a 
perforation made through into the charge. The remain- 
der of the case upwards, to within about half a diameter, 
is filled with com powder, and two or three foldp of the 
paper turned over it; then the ramming paper at the 
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end is secured with strong thread, and afterwards dipped 
in melted pitch or wax. When several rockets are 
thrown into the water at the same time, care should be 
taken to select those which have been filled and rammed 
in an uniform manner. To secure the cases from the 
action of the water, it is obvious that they should be 
prepared as such; this is done by varnishing them over 
with linseed ml or common varnish. 

Leaders, and pipes of eommunicaticMi, must be pre- 
pared afteor the jsame manner as rockets, as far a« re- 
gards their cases; that is, they must be made some- 
what stronger, and, when fixed, to be varnished over 
afl before; taking care not to varnish till all your pasting 
is completed* 

To make a Fire Fountain /or the* Water, 
Provide a circular float three feet in diameter; in the 
middle fix a round post four feet high, about two inches 
diameter; round this post & three circular wheels 
made of thin wood. Place the largest within two or 
three inches of the bottom, which should be not much 
less than the float. The second wheel must be about 
two feet two, and fixed two feet from the first. The 
third wheel must be sixteen inches diameter, and fixed 
within six inches of the top of the post. Then take 
eighteen four or eight ounce cases of brilliant fire, and 
place them round the first wheel with their mouths 
upwards, and inclining downwards; on the second 
wheel place thirteen cases, in the same manner as those 
on the first; on the third place eight more in the same 
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manner as before; and on' the top of the post fix a 
gerbe ; then clothe the cases with leaders, so that both 
they and the gerbes may take fire at the same time. 
Before firing this work it is best to try it in the water, 
to see whether the float is properly made, so as to keep 
the fountain upright. 

Aquatic exhibitions are almost as numerous as those 
of the other kind, but it is not necessary to describe 
more, as so many of them depend on the taste and in- 
genuity of the practitioner. 

In closing this work, it may be well to direct the at- 
tention of the tyro to the frequent displays of fireworks 
which may be witnessed at the several places of amuse- 
ment in and about the metropolis, particularly at the 
public gardens, as he will there see many curious and 
beautiful devices, which may serve as specimens for 
bim to exercise his talent and ingenuity upon. The 
theatres also often present very excellent exhibitions 
of the pyrotechnic art, which are well worthy of at- 
tention, and all tend to show that it is far firom being 
on the decline in England. 
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THE PEACTICAL MODEL CALCULATOK, 

For the Engineer, Macliinist, Mannfactxirer of Engine Work, 
Nayal Architect, Miner, and Millwright. By Oliybb Btrnb, 
Compiler and Editor of the Diotionarj of Machines, MechanicSy 
.^ngine Work and Engineering, and Author of various Mathe- 
matical and Mechanical Works. Illustrated by numerous En- 
gravings. Now Complete, One large Volume, Octavo, of nearly 
six hundred pages » $3.60 

It will oontadn such calculatiOQS as are met with and reqiiired in the Ke- 
ehanical Arte, and establiBh models or standards to guide -practical men. The 
Tables that are introduced, many of which are new, will greatly eoonomiM 
labour, and render the eyeiy-day calculations of the pra^iUm mgn oomprebeik* 
give and easy. From eTery single calculation giTen in this work numerous 
other calculations are readily modelled, so that each may be considered the head 
o^a numerous family of practical results. 

The examples selected will be found appropriate, and in all oases taken front 
the actual practice of the present time. Srery role has been tested by the un- 
erring results of mathematical research, and oonflrmed by experiment when 
Buch was -necessary. 

The Practical Model Calculator will be found to fill a yaoancy in the library 
of the practical working-man long conridered a requirement. It will be found 
to excel all other works of a sindilar nature, from the great extent <tf its range^ 
the exemplary nature of its well-selected exampleft, and from the easy, rimple^ 
and sytrtematic manner in which the model ealculatkms are established. 



HOBEIS'S HAND-BOOK FO B LOCO MOTIVE ESGI* 
NEEBS Am) MACHINISTS: 

Comprising the Calculations for Constructing Locomotiyes. 
Manner of setting Valves, &c. &c. By Sbptimus Nojlbis, Civil 
and Mechanical En^neer. In One Volume, 12mo., with illus- 
Irations $1.60 

With pleasure do we meet with such a work as Messrs. Norris and Baird have 
given us. — Artitan. 

In this work, he }ias giren what are called the ** secrets of the business,** i|i 
the rules to construct looomotiyes, hi order that the million should be learned 
in all things^^&ien^l^ American, X 



THE ABTS OF TAVBIHG AND CUBBTDTa 

Theoretically and Practically considered in all their details. 
Being a fall and comprehensiye Treatise on the Manufacture of 
the yariouB kinds of Leather. Illustrated by oyer two hundred 
Engrayings. Bdited from the French of De Fontenelle and 
Malapeyere. With numerous Emendations and Additions, by 
Campbell Mobvit^ Praetioal and Analytieal Chemist. Com- 
plete in one Volume, octayo $6.00 

This Impoftant TrMttim will b» Iband to «OTer the ifliole field in the most 
masterly manner, and it is belieyed that in no other branch of applied adenee 
eonld more signal service be rendered to American Manufacturers. 

The publisher is not aware that in any other work' heretofore issued in this 
eountry, more q»aoe has been devoted to this suliject than a single chapter; 
and in offering this volume to so large and intelligent a class as American 
Tanners and Leather Bressen^ he feels eonfident of their substantial support 
nt 



THE PRACTICAL COTTOH-SPZNNER AKB MANIT- 
FACTT7REB; Or» The Manager's and Overseer's 
Companiim. 

This works contains a Comprehensiye System of Calculations 
for Mill Gearing and Machinery, from the first moying power 
through the different processes of Carding, Drawing, Slabbing, 
Roying, Spinning, and Weaying, adapted to American Machinery, 
I*ractice, and Usages. Compendious Tables of Tarns and Reeds 
are added. Illustrated by large Working-drawings of the most 
approyed American Cotton Machinery. Complete in One Volume, 
octayo , $3.50 

This edition of Scott's Cotton-Spinner, by OuvBft Bvurx, is designed for the 
American Operative. It will be found intensely practical, and will ba of the 
greatest possible value to the Manager, Overseer, and Workman. 

THE PRACTICAL METAL-WOBEER*S ASSZSTAHT, 

For Tin-Plate Workers, Brasiers, Coppersmiths^ Zinc-Plato 
Omamenters and Workers, Wire Workers, Whitesmiths, Black- 
smithsj Bell Hangers, Jewellers, Silyer and Gold Smiths, Eleo- 
trotypers, and all other Workers in Alloys and Metals. By 
Charles Holtzappfbi;. Edited, with important additions, by 
Olivbr Btsns. Complete in One Volume, octayo $4.00 

It will treat of Oasting, Founding, and Forging; of Tonn and other Tools; 
Degrees of Heat and Managemnet of Fires; Welding; of Heading and Swage 
Tools; of Punches and Anvils; of Hardening and fDempeiing; of Malleable Iron 
Castings, Case Hardening, Wrought and Cast Iron. The management and ma- 
nipulation of Metals and Alloys, Melting and Sfixing. The management of Fur- 
naces, Oasting and Founding with Metallie Moulds, J<dning and Wox^ing Sheet 
Metal. Peculiarities of the different Tools employed. Processes dependent on 
the ductility <Mr Metals. Wire Drawing, Drawing Metal Tubes, Soldering. The 
use of the Blowpipe, and every other known Metal-Worker's Tool. To the 
works of Holtxappfel, Ouvxa Btkhs has added all that is usefU and neculiat 
to tha Axaerkan Sletal-Worker. 



THE ICAinJFA€TVB,E OF ntOlT IN ALL ITS 
VABIOXrS BEAirCHES: 

To which is added an Essay on the Manufacture of Steel, hj 
Fkbde&ick Ovsbman, Mining Engineer, with one hundred and 
fifty Wood Engravmgs. A new edition. In One Volume, oc- 
tavo, fiye hundbred pages $5.00 

We hare now to aaaiOBiioe tbe oppMnnoe of anothor iraloable work on tlio 
■nttieet whkh, in our humble oninion, supplies any deflelenoj which late im- 
proTements and disooTeries may hav!e caused, from the lapse of time since tha 
date of ** Mushet*' and '' Sehmenor." It is the production of one of our trans- 
attentio brethren, Mr. Frederick Overman, Mining Sngineer; and we do noi 
hesitate to set it down as a work of great importance to all connected with the 
UoQ interest; one whidb, while it is snffidantly technologiaal fiilly to explain 
ehemical analyi^is, and the rarious phenomena of Iron under different droum- 
stances, to the satisfaction of the most ilutidious, is wcitten in that dear and 
oomprehensiTe style as to be available to the capacity of the humblest mind, 
and consequently will be of much advantage to those works where the propria* 
tors may see the desirabiUty of placing it in the hands of their operatives.— 
lamhn Morrdnff J&umaL 



A TBEATISE OS THE AMEBICAB' STEAM^EBTOINE. 

Illustrated by numerouB Wood Cuts and other EngraTinga- 
By OuvBK Btbsb. In One Volume. (In press.) 



FEOPELUSES AHD STEAM NAVIGATION: 

With Biographical Sketches of Early Inyentors. By Robikt 
Macfablanb, C. E., Editor of the ** Scientific American." la 
One Volume, 12mo. Illustrated by over Eighty Wood Engrav- 
ings... ......76cts. 

The otdect of this *< History of Propellers and Steam Navigation'* is twofold. 
One is the arrangement and deserlption of many devices which have been in- 
Tented to propel vessels, in order to prevent many ingenious men from wasting 
their time, talents, and money on such projects. The immense amount of time^ 
study, and money thrown away on sudi contrivances is beyond calculation. 
In this respect, it is hoped that It will be the means of doing some good.^ 
Pr^ace, 



A TEEATESE ON SGEEW-FEOPELLEES AND 
THEIR STEAM-ENGINES. 

With Practical Rules and Examples by which to Calculate 
and Construct the same for any description 0/ Vessels. By J. 
W. Ntstrom. Illustrated by twenty-fiye large working Draw- 
ings. In one Volume, octaTO. 
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THE AMERICAN MILLER AND MILLWRIGHT'S ASSIST- 
ANT. $1. 

THE TURNER'S COMPANION. 76 cts. 

THE PAINTER, GILDER, AND VARNISHER'S COBIPA- 
NION. 76ct8. 

THE DTER AND COLOUR-MAEER'S COMPANION. 75ot8. 

THE BUILDER'S COMPANION. $1. 

THE CABINET-MAKER'S COMPANION. 75 cts. 

A TREATISE ON A BOX OF INSTRUMENTS. Bt Thomas 

ESHTISH. $1. 

THE PAPER-HANGER'S COMPANION. By J. Abbowsmith. 

76 cts. 
THE ASSATER'S GUIDE. Bt Oscar M. Libbsr. 76 cts. 
THE COMPLETE PRACTICAL BREWER. BtM. L. Btbh. fl. 
THE COMPLETE PRACTICAL DISTILLER. BtM.L. Btbk. $1. 
THE BOOKBINDER'S MANUAL. 
THE PYROTECHNIST'S COMPANION. By G. W. Mobm- 

MKB. 76 cts. 

WALKER'S ELECTROTYPE MANIPULATION. 76 cte. 



THE AMEBICAIT HILLEB AND HULWBIOHrS 
ASSISTANT: 

By William Cabtbb Huohbs, Editor of << The American Mil- 
haCf** (newspaper,) Buffalo, N. Y. Illnstrated by Drawings of 
the most approved Machinery^ In One Volume, 12mo $1 

The author offers it u a salMBtantial reference, instead of specoIatiTe theories, 
whidi belong only to those not immediately attached to the bosineas. Speeial 
notiee is also given of nuMit of the essential improvements whicb have of late 
been Introduced for the benefit of the Hiller. — iSixoannah SqnMioan, 

The whole business of milking flour is most thoroughly treated by lUm.<— 
JMUtin. 

▲ vexy comprehensive view of 1^ Millirright's business.— jSbtftAem Laetary 
Mettenger, 

THE TUSNEB'S COHPANION: 

Containing Instructions in Concentric, Elliptic, and Eccentric 
Turning. Also, various Plates of Chucks, Tools, and Instru- 
ments, and Diredtions for using the Eccentric Cutter, Drill, 
Vertical Cutter, and Circular Rest ; with Patterns and Listruc- 
tions for working them. Illustrated by numerous Engravings. 
In One Volume, 42mo r 75 cts. 

The obieet of the Tamer's Oompanion is to explain in a deaci condse, and 
intelligible manner, the rudiments of this beautiful art. — Savannah RqpuUican, 

There is no descriptiou of turning or lathe-work that this elegant little treatise 
does not describe and illustrate^- TF%<<em LU, Musmgar, 
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THE PAnrtEB, OILDEB, AITD YABNISHSB'S 
COHPAmOIT: 

Oontaining Bales and Regulations for erery thing relating to 
the arts of Painting, Gilding, Varnishing, and Glass Staining; 
numerous useful and valuable Receipts ; Tests for the detection 
of Adulterations in Oils, Colours, &c., and a Statement of th« 
Diseases and Aoeidents to which Painters, Gilders, ' and Var- 
nishers are particularly liable ; with the simplest methods of 
Prevention and Remedy. In one vol. small 12mo., cloth. 76cts. 

Rejecting all that appeared foreign to the ButiJect, the compiler has omitted 
nothing of real practical worth. — Bunffs Merchants Magazine. 

An excellent practical work, and one which the praotieal man cannot aflbid 
to be without. — Ibrmer and Mechanic. 

It contains erery thing that is of interest to persons engaged in tills trade. 

This book will prore Talpable to all whose buslfldsa is ia any wigr eoimeotad 
with painting.— &(}e^« WeeHy. 
Cannot fail to be useful.— jV. K CbrnmerciaL 



THE BXTILDEE'S fOCXET COMPANION: 

Containing the Elements of Building, Surreying, and Archi- 
tecture ; with Pi*actical Rules and Instructions coimected with 
the subject. By A. C. Smeatoi?, Civil Engineer, &c. In one 
volume, 12mo. $1. 

Contents: — The Builder, Carpenter, Joiner, Mason, Plas- 
terer, Plumber, Painter, Smith, Practical Geometry, Surveyor, 
Cohesive Strength of Bodies, Architect. 

It gives, in a small space, the most thorough directions to the builder, from 
the laying of a brick, or the felling of a tree, «p to the most elaborate pro- 
duction of ornamental architecture. It is sdentUic, without being obscure and 
unintelligible, and every hou8e*carpenter, master, jonrmryman, or apprentice^ 
should hard a copy at hand always.— .K)«ntn^ BuUet&t. 

Complete on the SuttJects of which it treatft A most QseAd practical work. 
^-BaU, American. 

It must be of greait praddeal utilityw-^&itNXftna^ BepiMioan. 

To whatever branch of the art of building the reader may belongs he will 
And in this something valuable and calculated to assisfhis progressw-^Jbrmer 
mndMechoMic. 

This is a valuable little volume, designed to assist the student in the acquisi- 
tion of elementary knowledge, and will be found highly adTantageous to every 
young man who has devoted himself to the interesting pursuits of which tt 
iMats.— nt. J%rotl(f. 

1* 
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IBB DTSB AVB COIiOVB-XAKBU'S COX- 
PAHIOIT: 

Contaimiig upwards of two hundred Beeeipts far making Co- 
lors, «n the most approved principles, for all the yarious styles 
and fabrics now in ezistiMioe ; with the Scouring Process, and 
plain Directions for Preparing, Washing-off, and Finishing the 
Goods. In one volume, smaU 12mo., cloth, 75 cts. 

ThUi is another of that most exoellent class of practical hooks, wUch the 
publisher is gitiag to the public. Indeed we beJicTe there is not, for muiu- 
fiMStniers, a more TalaaUe work, having been prepared for, and ozpressly 
adapted to their business. — Ft/rmer amd MBchanie, 

It is a valuable book. — OU^fo Republican, . 

We hare shown it to some practical men, who all pronounced it the completesk 
thing of th« kind thej had seen— JY. T, JTatum, 



THE OABIBET-XAKEB AHD XJPHOLSTE£EB*S 
COMPANIOIT: 

Comprising the Budiments and Principles of Cabinet Making 
and Upholstery, with familiar instructions, illustrated by Ex- 
amples, for attaining a proficiency in the Art of i>rawing, as 
applicable to Cabinet Work ; the processes of Veneering, Inlay- 
ing, and Buhl Work; the art of Dyeing and Staining Wood, 
Ivory, Bone, Tortoise-shell, etc. Directions for Lackering, Ja- 
panning^, and Varnishing ; to make French Polish ; to prepare 
the best Glues, Cements, and Compositions, and a number of 
Beceipts particularly useful for Workmen ,generally, with Ex- 
planatory and lUustrative Engravings. By J. Stokks. In one 
volume, 12 mo., with illustrations. Second Edition. 75 cts. 



THE PAPEE-HAHaEE'S COMPANIOIT: 

In which the Practical Operations of the Trade are system* 
atically laid down ; with copious Directions Preparatory to Pa- 
pering ; PreTentions against the effect of Damp in Walls ; the 
yarious Cements and Pastes adapted to the seyeral purposes of 
the Trade ; Obserrations and Directions for the Panelling and 
Ornamenting of Booms, &c. &c. By Jamss Arkowsmith. la 
One Volume, 12mo. 75 cts. 



THE AVALTnCAL (SBXMISTB ASSISTAXT: 

A Manual of Chemical Analysis, both Qualitatire and Qnan- 
titatlTe, of Natural and Artificial Inorganic Compounds; to 
which are appended the Rules for Detecting Arsenic in a Case 
of Poisoning. By Fbedb&ik W(ehlb&, Professor of Chemistry 
in the University of Gottingen. Tranc^ated from the German, 
with an Introduction, Illustrations, and copious Additions, by 
Os€AS M. LiBBBB, Author of the <* Assayer's Guide.'' In one 
Volume, 12mo. $1.25. 



BUEAL CHEMISTBY: 

An Elementary Introduction to the Study of the Science, in 
its relation to Agriculture and the Arts of Life. By Edward 
SoLUT, Professor of Chemistry in the Horticultural Society 
of London. From the Third Improred London Edition. 12mo. 
$1.26. 

THE FBTTIT, FLOWEB, AND EITCHEIT OABDEH. 

> By Pat&ick Nbill, L.L.D. 
Thoroughly reyised, and adapted to the climate and seasons 
•f the United States, by a Practical Horticulturist Illustrated 
by numerous Engravings. In one yolume, 12mo. $1.25. 



HOUSEHOLD STJEGEET; OB, HINTS OK EKEB- 

OEHCIES. 

By J. P. South, one of the Surgeons of St. Thomas's Hos- 
pital. In bne yolume, 12mo. Illustrated by nearly fifty En- 
grayings. $1.25. 



HOITSEHOLD MESICIKE. 

In one yolume, 12mo. Uniform with, and a companion to, 
the aboye. (In immediate preparation.) 
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THE COKPLEIX PKACTICAL BSEWSS; 

Or, PUin, Ccmcise, and Accurate Instructions in the Art of 
]teewing Beer, Ale, Porter, &o. &c., and the Process of Making 
all the Small Beers. By M. Lat atbtsb Btkh, M. D. With 
niiistrations, 12mo. $1. 



THB OOXPLETE FRACHOAL DISTltXEB; 

By M. Latatbtts Btbh, M. D. With Blostratlons, 12mo. $1. 



THE EHCYCLOPEBZA OF CHEMISTBY, FEACTI- 
CAL AHD THEOBEnCAL^ 

Embracing its application to the Arts, Metallargy, Mineralogy, 
Geology, Medicine, and Pharmacy. By Jambs C. Booth, Melter 
and Refiner in the United States Mint ; Professor of Applied 
Chemistry in the Franklin Institute, etc.; assisted by Gampbbll 
MoBTiT, author of ** Chemical Manipulations," etc. Complete 
in one volume, royal octavo, 978 pages, with numerous wood 
cuts and other illustrations. $6. 

It ooTera the wbcde field of Chemistry m applied to Arts uid Seienees. * • • 
As no library is complete without a common dictionary, it is also our opinion 
that non4> can be without this En^yelopedia of Chemistry. — Snent^ An^erioom, 

A work of time and labour, and a treasury of chemi(»l information. — Jiorth 
American. 

By far the best manual of the kind which has been presented to the Ameri- 
ean public.— A>tto» Courier. 



PEEFirMEBT; IT8 KANITFACTirBE AlH) FSE: 

With Instructions in every branch of the Art, and Receipts 
for all the Fashionable Preparations ; the whole forming a valu* 
able aid to the Perfumer, Druggist, and Soap Manufacturer. 
Illustrated by numerous Wood-cuts. From the French of Cel- 
nart, and other late authorities. With Additiom and Improve- 
ments by Campbell Mobfit, one of the Editors of the *< Ency- 
clopedia of Chemistry." lA one volume, 12mo., cloth. $1. 
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A TBEATI8E ON A BOX 01* DrSTBVHEHTS, 

And the Slide Rule, with the Theory of TrigoBometry and 
Logarithms, including Practical Geometry, Surveying, Measur- 
ing of Timber, Cask and Malt Gauging, Ueights and Distances. 
By Thomas Kentish. In One Volume, 12mo. $1. 



STEAM FOB THE MILLION. 

An Elementary Outline Treatise on the Nature and Manage- 
ment of Steam, and the Principles and Arrangement of the 
Engine. Adapted for Popular Instruction, for Apprentices) and 
for the use df the Navigator. With an Appendix containing 
Notes on Expansive Steam, &c. In One Volume, 8vo...37J cts. 



STLLABirS OF A COMPLETE COTJESE OF LEC- 

TTJEES ON CHEMISTET: 

Inclading its Application to the Arts, Agriculture, and Mining, 
prepared for the use of the Gentlemen Cadets at the Hon. £. I. 
Oo.'s Military Seminary, Addisoombe. By Professor E. Solly, 
Lecturer on Chemistry in the Hon. E. I. Co.'s Military Seminary. 
Bevised by the Author of « Chemical Manipulations." In one 
Tolnme, octavo, cloth. $1.25; 



THE ASSATEB'S GUIDE; 

Or, Practical Directions to Assayers,. Miners, and Smelters, 
for the Tests and Assays, by Heat and by Wet Processes, of the 
Ores of all ^e principal Metals, and of Gold and l^ilver Coins 
and Alloys. By Oscab M. Libbbb, late Geologist to the State 
of Mississippi. 12mo. With Illustrations. 75 cts. 



THE BOOEBINBEB'S MANUAL 

Complete in one Volume, 12mo. 
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ELECTROTYFE MAHIFULATIOir: 

Being the Theory and Plain Instructions in the Art of Working 
in Metals, by Precipitating them from their Solutions, through 
the agency of Galyanic or Voltaic Electricity. By Chablbs Y. 
Walkbil, Hon. Secretary to the London Electrical Society, etc 
niustrated by Wood-cuts. A New Edition, from the Twenty- ' 
fifth London Edition. 12mo, 75 cts. 



PHOTOOEHIC MAinPTTIATIOir: 

Containing the Theory and Plain Instructions in the Art of 
Photography, or the Productions of Pictures through the Agency 
of Light ; including Calotype, Chrysotype, Gyanotype, Chroma- 
type, Energiatype, Anthotype, Ampfaitype, Daguerreotype, 
Thermography, Electrical and Galyanic Impressions. By 
Gbobgb Thomas Fisher, Jr., Assistant in the Laboratory of 
the London Institution. Illustrated by woed-euts. In one yo- 
lume, 24mo., cloth. 62 cts. 



HATHEHATICS FOB. PBACTICAL KEH: 

Being a Common-Place Book of Principles, Theorems, Bules, ' 
tuid Tables, in various departments of Pure and Mixed Mathe- 
matics, with their Applications ; especially to the pursuits of 
Surveyors, Architects, Mechanics, and Civil Engineers, with nu- 
merous Engravings. By Olxnthus Gbbgobt, L. L. B. $1.50. 

Onlr tot men awake, and fix itieir eyea, one whUe on the nature of thingt. 
another while on the application of them to the hm and serrioe of manWnd. 
'—Lord Bacon, 



ELEHENTAET COTTRSE 07 DrSTEXTCTIO]? OH 
OBBHANCE, 0XTNNSST, Aim STEAM; 

Prepared for the use of the Midshipmen ftt the NsTal SchooL 
By Jamm H. Ward, U. S. N. Id. one Volniae, oetaro. $2.fia 
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SHEEF-HITSBAHDBY IS THE SOUTH: 

Comprising a Treatise on the Acclimation of Sheep in the 
Southern States, and an Account of the different Breeds. Also, 
a Complete Manual of Breeding, Summer and Winter Manage- 
ment, and of the Treatment of Diseases. With Portraits and 
other Illustrations. By Henbt S. Baivdall. In One Volume, 
octayo r* r • $1.26 



ELWOOD'S OBADT TABLES: 

Showing the ralue of Bushels and Pounds jof different kinds 
of Grain, calculated in Federal Money, so arranged as to exhibit 
upon a single page the ralue at a grren price from ten centa to two 
dollars per bushel, of any quantity from one pound to ten thouetmd 
inisheU. By J. L. Elwood. A new Edition. In One Volxune, 
12mo., $1 

To Bfillers and Produoe Dealers this work Is prooonooed hr all who hare it 
In izse, to be superior in arrangement to any work of the kind published—- and 
unerring accuracy in every ealculatifm may be relied upon in every instance. 

49* A reward of Twrnqr^ve PoUan is c^ered fbr an error of one oent Ibnnd 
in the work. 



HISS LESLIE'S COMPLETE COOEEBY. 

Directions for Cookery, in its Various Branches. By Miss 
Lbslib. Forty-second Edition. Thoroughly Sensed, with the 
Addition of New Receipts. In't)ne Volume, I2mo, half bound, 
or in sheep $1 

In preparing a new and carefiilly revised edition of this my first work on 
cookery, I have introduced improTements, corrected errors, and added new 
receipts, that I trust will on tnal be found satisfactory. The success of the 
UxA (proved by its Immense and increasing circulation) affords conclusiYe evi* 
dence that it has obtained the approbation of a large number of my country* 
women ; many of whom have informed me that it has made practical house- 
wires of young ladies who have entered into married life with no other aoquire- 
nents than a few showy aecomplishments. Oentlemen, also, have told me of 
great improvements in the family table, after presenting their wives with this 
manual of doniestio cookery) an^ that, after a morning devoted to the fiitigues 
of businesl^ they no longer find themselves suljeoted to the annoyanoe of an 
tilrdressed dinner^— iV^^ce. 



MISS LESLIE'S TWO HUIfSEE]) SECEIPTS IN 
f EENCH COOXEEY. 

^ Amw Edition, in oloth 26«ti. 
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TABLES Of LOGABITHirS FOB EITaDTEEES ASD 
MACHOnSTS: 

GonUimng the Logarithms of the Natural Numbers, from 1 to 
»00000, by the help of Proportional Differences. And Loga- 
rithmic Sines, Cosines, Tangents, Co-tangents, Secants, and Co- 
secants, for every Degree and Minute in the Quadrant. To 
which are added, Differences for every 100 Seconds. By Olivbr 
Btrhb, Civil, Military, and Mechanical Engineer. Li One 
Volume, 8vo. cloth $1 



TWO HUnDEED DESIGNS FOB COTTAGES ASD 
TULAS, &c. &c. 

Original and Selected. B^ Thomas TJ. Walter, Architect of 
Girard College, and JoRn Jat Smith, Librarian of the Phila- 
delphia Library. In Four Parts, quarto $10 



— ELEH^NTABT PBINCIPLES OF CABPENTBT. 

By Thomas Tkbdgold. In One Yolume, quarto, with nume- 
rous Illustrations $2.50 



A TKEAUSE ON B&EWIHa JJXD SISHLUHO, 

In One Volume, 8vo. (In press.) 



FAHILT ENCTCLOFESIA 

Of Useful Knowledge and General Literature; containing 
about Four Thousand Articles upon Scientific and Popular Sub- 
jects. With Plates. By Johh L. Blakb, D. D. In One Volume, 
8vo, doth extra...; $3.60 



SYSTEM ATIC A BBANGEMElTr OF COKE'S FIBST 
INSTITUTES OF THE LAWS OF Elf GLAHD. 

By J. H. Thomas. Three Volumes, 8vo, law sheep $12 



THE FTBOTECHinsrS COMPANIOH; 

Or, A Familiar System of Recreative Fire-Works. By G. W. 
MoRTiMES. Illustrated by numerous Engravings. I2mo. 76ct8. 
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STANDARD ILLUSTRATED POETRY. 



THE TALES AITS POEMS OF LORD BYEOIT: 

IlluBtrated bj H&nrt Wakbbn. In One Volume, royal 8vo. 

^th 10 Plates, scarlet cloth, gilt edges $5 

Morocco extra.... $7 

It Is illustrated by serenkl elegant engrayiags, from original designs hj 
"WAKRtSf and is a most splendid Work for the parlour or gtudj. —Botton Evening 
OoueUe. 



CHILDE HAEOLD; A EOMAXrirT BY LOEB BYEOIT: 

Illustrated by 12 Splendid Plates, by Wabebn and others. In 

One Volume, royal 8to., cloth extra, gilt edges $5 

Morocco extra ....; '. $7 

Printed in el^ant style, with splendid pictures, far superior to any thing of 
the sort usually found in books of this kind.-— iV: y. Oourier, 



THE FEMALE POE;rS OF AMERICA 

By Rupus W. Geiswold. A new Edition. In One Volume, 

royal 8vo. Cloth, gilt * „ $2.60 

Cloth extra, gilt edges , $3 

Morocco super extra $4.50 

The best production vhidh has yet coOne from the pen of Dr. Oribwold, and 
the most raluable contribution which he has ever made to the literary celebrity 
oftheoountry.^JV. F. 2W&une. 



THE LADY OF THE LAKE: 

By SiE Waltib J3poTT. Ulustrated with 10 Plates, by Coe* 
BOULD and Meadows. In One Volume, reyal 8to. Bound in 

cloth extra, gilt edges , $5 

■Turkey morocco super extra $7 

This is one of the most truly beautiAil boolcs which Ikas erer issued from tha 
American press. 



LALLA BOOEH; A EOMAIf CE BY THOMAS MOOBE: 

Illustrated by 13 Plates, from Designs by Coebould, Mea- 
dows, and Stephattofi'. In One Volume, royal 8to. Bound in 

cloth extra, gilt edges * $5 

Turkey morocco super extra. $7 

This is published in a style uniform with the ** Lady of the Laike." 

2 
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THE POETICAL WOBES OF THOITAS OEAT: 

With ninstrations by C. W. Kadclitf. Edited with a Memoir, 
by Hbnbt Bbsd, Professor of English Literature in the Uni- 
T^sity of Pennsylvama. In One Volume, 8vo. Bound in doth 

extra, gilt edges $3.50 

Turkey morocco super extra .%..... $5.50 

It li maay » day rfneo ire hftTS Been tented tnm tbo prMB of our eountrj » 
▼olame lo oomplete sad truly elegant in vwerj reiqMot. Tb9 typography Is 
frnltleai, the Ulostrationfl superior, and^the binding superb. — Trojf Whig. 

We hare not seen a specimen of typographical luxury from the Amerieaa 
press which can surpass this rolnme in choice eleganCoe. — Botion Courier. 

It is eminently calculated to consecrate among American readers, (If tbey 
baTe not been eonsecrated already In their h4>arts,) the pure, the elegant, the 
refined, and, in many respects, the sublime imaginings of Tbomaa Qrat.f— 
Skhm&ndWkfff, 



THE POETICAL WO&SS OF BSRRY WASSWOETH 
LOKGFELLOW: 

Illustrated by 10 Plates, after Designs by D. HuNTivGDO^y 
with a Portrait. Ninth Edition. ' In One Volume, royal 8yo. 

Bound in cloth extra, gilt edges |5 

Morocco super extra $7 

This to the rery luxury of literature— LoiransLLOW's charming poems pv»* 
seated In a ftrai of untarpassod beatfty.— ^Teaf t €kuette. 



POETS AVD POETRY OF EHOLANI) HT THE NIEE- 
TEEHTH CEXTTTIET. 

By BuTus W. Gbiswold. BliMtrated. In One Volume, royal 

8yo. Bound in oloth $3 

Cloth extra, gilt edges.. ^ $8.60 

Morocco super extra.. .«.; $6 

Such to the critical acumen dlscorered in the#e selections, that scarcely a pagt 
to to be Ibund but to redolent with beauties, and the volume itself may be ?•• 
garded M a gmlacy pf ltterary.peaxtow— i»eaioera<»c iievisw. 



THE tabs; ahb othee poevs. 

By William Oowpsb. Illustrated by 10 Steel Engray 

In One Volume, 1 2mo. Cloth extra, gilt edges 

Morocco extr%.... $2 

** The Illustrations in thto edition of Oowper arc most avquiaitelj dwrigiiwl and 
engraved." 
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THE FEMALE POETS OF GKEAT BBITAI9. 

With Copious Selections and Critical Remarks. By Frederic 
RoWTON. With Additions bj an American Editor, and finely 
engraved Illustrations by celebrated Artists. In One Volume, 

royal 8to. Bound in cloth extra, gilt edges |5 

Turkey morocco ^7 

Mr. RowTOK has presented ns with admirftbly selected specimens of nearly 
one hundred of the most celebrated female poettf of Great Britain, firom the 
time of Lady Jnliana Bernes, the fii«t of whom there is any record, to the 
Mitibrds, the Hewitts, the Cook^ t&A Banetts, and gUmks of the pzMent day.— 
Munft Merchants' Jiagezine, 



SPECIHES8 OF THE BBITISE POETS. 

From the time of Chaucer to the end of the Eighteenth Cen- 
tury. By Thomas Campbell. In One Volume, royal 8yo. 
(In press.) 



THE POETS AHS POETRY OF THE AHCIEETS: 

By William Piram, A. M. Comprising Translations and 
Specimens of the Poets of Qreeoe and Rome, with an elegant 

engraved View of the Coliseum at B^me. Bound in cloth $3 

Cloth extra, gilt edges... $8.50 

Tiurkey morocco si^er extra....... ih...$5 

It is without fear that w» say that no suoh exo«ll«nt or complete collection 
has erer been made. It is made with skill, taste^ and judgment— CAarieiton 



THE POEHCAL WOBES OF V. PABSXE WILLIS. 

Illustrated by 16 Plates, after designs by E. Lbuixb. In One 
Volume, royal 8yo. A neir Edition. Bound in cloth extra, 

gilt edges.. |5 

Turkey morocco super extra ». v $7 

This is one of the sMwt besvtiftil works OTor pabHshisd la this eountcy w 

Courier and Inquirer. 

Pure and perfect in sentiment, dten fo expression, and many a heart has 
been won from swrow or roused from apathy l^ his earlier melodies. The 
ttlustradoos are by Lmni,— a sufficient guarantee Ibr their beauty and grace. 
As for the typographical execution o^tho volume, it will hear comparison with 
any English book, and quite surpasses most issues in America.^— i\^ea{'s Ocueette. 

The admirers of the poet could not have his gems in a bettor lorm for holi 
day presents.— >F: CbnUnenL 
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MISCELLANEOUS. 



JOTJEVAL OF AB]irOLD*S EXPEDITIOir TO 

QUEBEC, IS 1775. 
By Isaac Ssrtks, M. D. 8yo, boards 62 cts. 

ABTSNTUBES OF CAPTAIN SmOIT SUQQ^ ; 

And other Sketches. By Jorhson J. Hooper. With ninstra- 

tions. 12mo, paper 50 cts. 

Cloth - *.^ 76 cts. 



ATTHT PATTTS SCSAP-BA6. 

By Mrs. Casolinb Les Hbmtz, Author of <* Linda." 12mo. 

Paper cOTers ; 50 cts. 

Cloth ;... 76cts. 



Bia BEAB OF ABXAS8AB; 

And Other Western Sketches. Edited hy W. T. Pobtsh. In 

One Yolume, 12mo, paper 50et8. 

Cloth ...^ , 76 cts. 



COMIC BLACXISTONE. 

By GiLBEKT Abbot a' Bbcket. niastrated. Complete in One 
Volume. Cloth , *.75ct8. 

i 

GHOST STOBIES. 

Illustrated by Designs by Pablet. In One Volume, 12mo, * 

paper covers.... 50 cts. 



HODEBN CKCVAIEY; OE, THE ABVEimJEES OF 

CAPTAIN FAERAeO AND TEAGUE 0*BEGAN. 

By H. H. Bbackenridge. Second Edition since the Author's 
death. With a Biographical Notice, a Critical Disquisition on 
the Work, and Explanatory Notes. With Illustrations, from 
Original Designs by Darlbt. Two volumes, paper covers 7.'>cts. 
Cloth or sheep $1.00 
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COHPLETE WOEKS OF LOBD BOLIirOBEOEE: 

With a Life, prepared expressly for this Edition, containing 
Additional Information relative to his Personal and Public Cha- 
racter, selected from the best authorities. In Four Volumes, 

8yo. Bound in cloth ; $7.00 

In sheep 8.00 



CHEOFICLES OF FIHEVILLE. 

By the Author of "Major Jones's Courtship.** Illustrated by 

Dablbt. 12mo, paper ; 50ct8. 

Cloth 75ot8. 



6IIBEBT 617ENET. 

By Thbodobb Hook. With Illustrations. In One Volume, 
8yo., paper.. ...« 50ct8. 



MEMOntS OF THE GENERALS, GOMMODOBES, 
AND OTHER GOMMAHBEBS, 

Who distinguis)ied themselves in the American Army and 
Navy, during the Wftr of the Revolutit)n, the War with France, 
that with Tripoli, and the War of 1812, ^nd who were presented 
with Medals, by Congress, for their gallant services. By Thomas 
Wtatt, A. M., Author of " History of the Kings of France.** 
Illustrated with Eighty-two Engravings from the Medals. 8vo. 

Cloth gilt ..., , ,.$2.00 

Half morocco..^ $2.50 



OEKS OF THE BRITISH FOETS. 

By S. C. Hall. In One Volume, 12mo., cloth fl.OO 

Cloth, gilt $1.26 



VISITS TO REMARKABLE PLACES: 

Old Halls, Battle Fields, and Scenes Illustrative of striking 
passages in English History and Poetry. By William Howitt. 
In Two Volumes, 8vo, cloth $4.00 
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VABBATTVE OF THE AEGTIC LAND EZPEDHIOV. 

BjCaptaih Back, B. N. In One Volume, 8yo, boards... $2.00 



THE KISCELULNEOUS WORKS OF WHUAH 
HAZLITT. 

Inclnding Table-talk ; OpinioBS of Books, Men, and Things ; 
Lectures on Dramatic Literature of the Age of Elizabeth ; Lec- 
tures on the English Comic Writers ; The Spirit of the Age, or 

Contemporary Portraits. Five Volumes, 12mo., cloth .^5.00 

Half calf. $6.25 



FLORAL OFFERIHG. 



A Token of Friendship. Edited by Fhan ons S. Osgood. Ilhis- 
trated by 10 beautiful Bouquets of Flowers. In One Volume, 

4to, muslin, gilt edges $3.50 

Turkey morocco super extra $5.60 



THE HISTORICAL ESSATS, 

Published under the title of <'Dix Ans D'Etude Historique,*' 
and Narratives of the Merovingian Era ; or. Scenes in the Sixth 
Century. With an Autobiographical Preface. By Auovstits 
Thibbst, Author of the ^* History of the Conquest of England 

by the Normans." 8to., papers fl.OO 

Cloth :.... $1.25 



BOOK OF THE SEASONS ;^ 

Or, The Calendar of Nature. By William Howitt. One 

Volume, 12mo, cloih. $1 

Calf extra $2 



nCKIirOS FROM THE ''PORTFOLIO OF THE R E-> 
PORTER OF THE NEW ORLEANS PICAYUNE." 

Comprising Sketches of the Eastern Yankee, the Western 
Hoosier, and such others as make up Society in the great Me* 
tropolis of the South. With Designs by Dablbt. 18mo., 

paper 50 cts. 

Cloth 75 cts. 
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VOTES OF A IBAVELLEE 

On the Social and Political State of France, Prussia, Switzer- 
land, Italy, and other parts of Europe, during the present Gen* 
tniy. By Samuel IiAiiia. In One Volume, 8yo., cloth $1 



HISIOBT OF THE CAPTIVITT OF VAFOLEOIT AT 
ST. HELEir A 

By Genebal Count Montholon, the Emperor's Companion in 
Exile and Testamentary Executor. One Volume, 8yo., cloth, $2.50 
Half morocco $3.00 



MY SHOOTHrO BOX. 

By Frank Forebster, (Henry Wm. Herbert, Esq.,) Author of 
«* Warwick Woodlands," &o. With Illustrations, by Dablet. 

One Volume, 12mo., cloth 76 cts. 

Paper coYcrs * 60 cts. 



MTSTEBIES OF THE BACEWOOBS: 

Or, Sketches of the South-west — ^including Character, Scenery, 
and Rural Sports. By T. B. Thorpe, Author of " Tom Owen, 
the Bee-Hunter," &c. Illustrated by Darley. I2mo, cloth, 76 cts. 
Paper 60 cts. 



SABBATIVE OF THE LATE EXPEDITION TO THE 
DEAD SEA. 

From a Diary by one of the Party. Edited by Edward P. 
Montague. 12]ao, cloth $1 



MTDBEAMS: 

A Collection of Poems. By Mrs. Louisa S. MoCord. 12mo, 
boards »••.... 76 cts 



AMEBICAN COMEDIES. 

By James K. PauldiIio and Wm. Irying Paulding. One 
Yolume, 16mo, boards 60cjbi. 
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RAXBLBS DT TUGATAH; 

Or, Kotos of Trayel through the Peninsula : inelnding a Visit 
to the Remarkable Ruins of Chi-chen, Kabah, Zaji, and UxmaL 
With numerous Illustrations. By B. M. Nobmav. Serenth £di« 
tion. In One Volume, octayo, cloth $2 



THE AHESICAN IH PAEIS. 

By JoHH Sakdebson. A New Edition. In Two Volumes, 
12mo, doth $1,50 

This is the most animated, gnoefal, end intelligent slcetch of Fronoh ins»> 
neza, or anj oUmt, that we bare had Ibr these twentf jvaxi^— London MontMg 



ROBOrSON CBXISOE. 

A Complete Edition, with Six lUustratlona. One Vohime, 
!fo, paper covei 
dotl^ gilt edg« 



8fo, paper covers ^ $1.06 

^ $1.26 



SCEITES nr THE BOCEY MOTTNTAIirS, 

And in Oregon, California, New Mexico, Texas, and the Grand 
Prairies ; or. Notes by the Way. By Rvrns B. Sage. Second 

Edition. One Volume, 12mo, paper covers 50cts. 

With a Map, bound in cloth 76ct8. 



THE PXTBLIC MEN OF THE BEVOLTTTIOH: 

Including Events from the Peace of 1783 to the Peace of 1815. 
In a Series of Letters. By the late Hon. Wm. Sclliyan, LL. D. 
With a Biographical Sketch of the Author, by his son, John T. 
8. SvLLiTAN. With a Portrait In One Volume, 8vo. cloth$2.60 



ACHIEVEHENTS OP THE KNIGHTS OF MALTA. 

ByALEXAin>BRSirTHEBLAMD. InOneVolumo, 16mo, cloth, $1.00 
Paper » .' 76ct8. 



ATALANTIS. 
A Poem. By William Gilmorb Simms. 12mo, bourds, GO ctik 
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LIVES OF MEN OF LETTEBS AND SCIENCE. 

By Hbnbt Load Brougham. Two Volumes, 12mo, cloth, $1.50 
Paper $1.00 



THE LIFE, LETTERS, AND JOUENALS OF LOED 
BTEON. 

Bt Thomas Moobb. Two Yolumes, 12mo, cloth $2 

THE BOWL OF PUNCH. 

Illustrated by Numerous Plates. 12mOy ipaper 60 cts. 

CHILBBEN IN THE WOOD. 

Illustrated by Habyet. 12mo, cloth, gilt 60et8. 

Paper , 25ot8. 

TOWNSEND'S NABBATIVE OF THE BATTLE OF 
BBANDYWINE. 

One Volume, 8yo, boards «. $1. 

THE POEMS OF C. P. CBANCH. 

In One Volume, 12mo, boards 87 cts. 



THE WOBES OF BENJ. DISBAEU. 

olum< 
Paper goy^s. 



Two Volumes, 8yo, cloth....... $2 

$1 



NATUBE DISPLAYED IN HEE MODE OF TEACH- 
ING FBENCH. 

By N. O. DuFiEF. Two Volumes, 8yo, boards $5 

NATUBE DISPLAYED IN HEE MODE OF TEACH- 
ING SPANISH. 

By K. G. DuriBF. In Two Volumes, 8vo, boards «$7 



FBEHCH ANB EKaUSH BICTIOVABY. 

By N. Gt, Durar. In One Volume, 8yo, sheep $5 

FEOISSABT BALLABS AHB OTHER POEMS. 

By Philip Pendleton Cooks. In One Yolumey 12mo, 
boards 50cts. 

THE LIFE OP EICHABB THE THIBB. 

By Miss Halsted. In One Volome, 8to, cloth $L50 

THE UPE OP VAPOLEOV BOHAPABTK 

By William Hazlitt. In Three Volumes, 12mo,. doth $8 

Half calf $4 

TBAVEIS DT GERXANY, BT W. HOWITT. 
ETEE'S HABBATIVE. BUEBE'S CABOOL. 
Ib One Volume, 8to, doth $1.25 

CAKPAimrg HOLlMES'S AOCOUHT OP HEW 

SWEBEH. 
8yo, boards .., $1.60 

IMAGE OP HIS PATHETL 

By Mathxw. Complete in One Volume, 8vo, paper.. ..25 eta. 

SPECIMEHS OP THE ^BITISH CBITICS. 

By Ghbistophbe Noeth (Professor Wilson). 12mo, cloth. $1.00 

A TOUE TO THE EIVER SAXJGEHAY, IN LOWER 
CANABA. 

By Charles Lanman. In One Volume, 16mo, cloth....62 cts 
^»P«r 50 cts 



TEAVELS IS A17STBIA, BUSSIA, BCOTLABD, 
ENGLAJSTB AND WALES. 

By J. G. Kohl. One Volume, 8vo. cloth $1.26 



LIFE OF OLIVEE GOLDSMITH. 

By James Priob. In One Volume, 8yo, boards 2 



OJJR ARM7 AT MONTEBEY. 

By T. B. Thoepb. 16mo, cloth 62 cts. 

Paper covers «. 60 cts. 



OTTE ABMT OS THE RIO GEANDE. 

By T. B. Thoepb. 16mo, cloth 62 cts. 

Paper covers 60 cts. 



LIFE OF LOEEHZO DE MEDICL 
By William Bosoob. In Two Volumes, 8to, cloth $8 



MISCELLAHEOXJS ESSAYS OF SIE WALTEE SCOTT. 

In Three Volumes, 12mo, cloth |8.50 

Half moroceo < ^ $425 



SEEHOir Oir THE MOTmT. 

Illuminated. Boards .$1.50 

«* Silk |2.00 

*' Morocco super .....^8.00 



MISCELLANEOUS ESSAYS OF THE EE V.SYDNEY 

SHilTH. 

In Three Volumes, 12mo, cloth $3.60 

Half morocco , $4.26 



MBS. CAUDLE'S CURTAIN LECTURES 12ioti. 
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SEBXOirS BY THE EEV. STLNET SHITH. 

One Yolnine, 12mo, cloth 75cts. 



inSCELLAHEOirS ESSA YS OP SIB JAMES 
STEFHEir. 

One Volume, 12qio, oloth $1.25 



THBEE HOUBS; OR, TEE VIGIL OF LOVE. 
A Yolome of Poems. B7 Mbs. Hals. 18mo, boards.. 75 cts 



TOELOGH O'BBIEN: 

A Tale of the Wars of King James. 8yo, paper covers 12} cts. 
lUastrated.. ST^ots. 



AH AUTHOE'S MIND. 

Edited by M. F. Tuppbb. One Volume, 16mo, cloth.... 62 cts. 
Paper covers... ...50 cts. 



HISTOEY OF THE AITGLO-SAXOVS. 

Bj Shaboh Tubnib. Two Volumes, 8vo, doth $4.50 



PEOSE WOEES OP H. PAEEXE WILLIS. 

In One Volume, 8vo, 800pp., cloth^lt |3.00 

Cloth extra, gilt edges $3.50 

Library sheep ; 118.50 

Turkey morocco backs $3.75 

" extra ! ;5.60 



MISCELLAHEOXIS ESSAYS OP PEOP. WILS09. 

Three Volumes, 12mo, cloth $8.50 



WOED TO WOMAir. 

By Cabolub Fbt. 12mo, cloth. 60ct8. 



WYATT'S HISTOEY OP THE EUTGS OP P]EUVCE 

Illustrated by 72 Portraits. One Volume, IBmo, cloth.. .$1.00 
t!loth, extra gilt .......$1.26 
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This book should be returned to 
the Library on or before the last date 
stamped below. 

A fine is incurred by retaining it 
beyond the specified time. 

Please return promptly. 
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